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Celsius

Radioactivity

millibecquerel

Out of Metric Units

Multiply By To Get

0.039 inches

0.394 inches

3.281 feet

1.094 yards
0.621 miles

0.155 sq. inches

10.76 sq. feet

1.196 sq. yards

0.4 sq. miles

2.47 acres

0.035 ounces

2.205 pounds

1.102 ton

0.033 fluid ounces

2.1 pints
1.057 quarts

0.264 gallons

35.315 cubic feet

1.308 cubic yards

multiply by Fahrenheit
9/5, then add
32

0.027 picocuries
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CHAPTER 1.0 TERMS

CERCLA

CPP
DOE
Ecology
EPA
FS
Implementation Plan

NPL
OU
PUREX
RCRA
REDOX
RI
RL
RPP
Tri-Parties

Tri-Party Agreement
UPR

Comprehensive Environmental Response, Compensation, and
Liability Act of 1980
CERCLA past-practice
U.S. Department of Energy
Washington State Department of Ecology
U.S. Environmental Protection Agency
feasibility study
200 Areas Remedial Investigation/Feasibility Study
Implementation Plan - Environmental Restoration Program,
DOE/RL-98-28
"National Priorities List" (40 CFR 300, Appendix B)
operable unit
Plutonium-Uranium Extraction (Plant or process)
Resource Conservation and Recovery Act of 1976
Reduction-Oxidation (Plant or process)
remedial investigation
U.S. Department of Energy, Richland Operations Office
RCRA past practice
U.S. Department of Energy, U.S. Environmental Protection
Agency, and Washington State Department of Ecology
Hanford Federal Facility Agreement and Consent Order
unplanned release
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1.0 INTRODUCTION

The Hanford Site, led by the U.S. Department of Energy (DOE), encompasses
approximately 1,517 km (586 mi) in the Columbia Basin of south-central Washington State.
In 1989, the U.S. Environmental Protection Agency (EPA) placed the 100, 200, 300, and
1100 Areas of the Hanford Site on the 40 CFR 300, "National Oil and Hazardous Substances
Pollution Contingency Plan (NCP)," Appendix B, "National Priorities List" (NPL), pursuant to
the Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA). The 200 Area NPL site consists of the 200 West Area and 200 East Area
(Figure 1-1), which contain waste management facilities and inactive irradiated fuel reprocessing
facilities, and the 200 North Area, formerly used for interim storage and staging of irradiated
fuel. Several waste sites in the 600 Area, which is located near the 200 Areas, also are included
in the 200 Area NPL site.

The 200 Areas consist of approximately 700 waste sites, organized into 23 waste site groups
called operable units (OU). Four of these 23 waste site groups are the focus of this feasibility
study (FS): the 200-CW-5 U Pond/i-Ditches' Cooling Water Waste Group OU, the
200-CW-2 S Pond and Ditches Cooling Water Waste Group OU, the 200-CW-4 T Pond and
Ditches Cooling Water Waste Group OU, and the 200-SC-I Steam Condensate Waste Group OU
(Figure 1-2). The 200-CW-5 OU, 200-CW-2 OU, and 200-CW-4 OUs are located in the
200 West Area. The 200-SC-I OU includes waste sites located in the 200 East Area and the
200 West Areas (Figures 1-2 and 1-3) and received steam condensate from the
Plutonium-Uranium Extraction (PUREX) Plant and B Plant in the 200 East Area and S Plant
(Reduction-Oxidation [REDOX] Plant) and T Plant in the 200 West Area. The 200-CW-5 OU,
200-CW-2 OU, 200-CW-4 OU, and 200-SC-I OU waste sites lie inside the exclusive-use
boundary (Core Zone) identified in DOE/EIS-0222-F, Final Hanford Comprehensive Land Use
Plan Environmental Impact Statement and shown in Figure 1-1.

The process for characterization and remediation of waste sites at the Hanford Site is addressed
in the Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement)
(Ecology et al. 1989). The Tri-Party Agreement establishes major milestones for completing the
waste site investigation effort by December 31, 2008, and completing waste site remediation by
September 30, 2024 (Milestones M-15-OOC and M-16-00, respectively) for non-tank farm OUs
in the 200 Areas. In 2002, the U.S. Department of Energy, Richland Operations Office (RL),
EPA, and Washington State Department of Ecology (Ecology) (the Tri-Parties) renegotiated the
200 Areas waste site cleanup milestones under the Tri-Party Agreement. The results of these
negotiations are documented in Tri-Party Agreement change forms M-13-02-01, M-15-02-01,
M-16-02-01, and M-20-02-01. As part of these negotiations, the Tri-Parties agreed, in Change
Packages M-15-02-01 and M-13-02-01 approved June 2002, to consolidate the 200-CW-2 OU,
200-CW-4 OU, and 200-SC-I OU with the 200-CW-5 OU for the purpose of remediation

'The term "Z-Ditches" refers to the Z-Ditches Complex, which includes the 216-Z-1D Ditch, 216-Z-11 Ditch, and216-Z-19 Ditch.
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documentation and execution. The controlling milestone for the 200-CW-5 OU was M-13-22,
"Submit U Pond/Z-Ditrhes Cooling Water Group Work Plan," dated December 31, 1999.

The Tri-Party Agreement also addresses the need for the cleanup programs to integrate the
requirements of CERCLA and the Resource Conservation and Recovery Act of 1976 (RCRA), to
provide a standard approach to direct cleanup activities in a consistent manner, and to ensure that
applicable regulatory requirements are met. Details of this integration for the 200 Areas are
presented in DOE/RL-98-28, 200 Areas Remedial Investigation/Feasibility Study
Implementation Plan - Environmental Restoration Program (Implementation Plan). This FS
implements the RCRA/CERCLA integration process presented in the Implementation Plan
(DOE/RL-98-28) and the Tri-Party Agreement.

The 200-CW-5 OU consists often CERCLA past-practice (CPP) waste sites, two RCRA
past-practice (RPP) waste sites, and three CPP unplanned release (UPR) sites. The
200-CW-2 OU consists of eight CPP waste sites and one CPP UPR site. The 200-CW-4 OU
consists of seven CPP waste sites and one RPP waste site. The 200-SC-I OU consists of 13 CPP
waste sites and 3 CPP UPR sites. Thus, a total of 41 waste sites and 7 UPR sites are covered
under this FS. Table 1-1 lists waste sites and UPR sites associated with each OU. The two 18-
inch vitrified clay pipelines associated with the field investigation will be discussed as part of the
200-IS-I OU. There is a recognition that these pipelines better fit within the conceptual models
being developed by the 200-IS-1 work effort.

Within the 200-CW-5 OU, one of the UPR sites, 200-W- 110, is moved from the 200-PW-1 OU
to this OU, in accordance with the updated Tri-Party Agreement Appendix C package that is
pending approval. The 200-CW-5 OU remedial investigation (RI) report (DOE/RL-2003-1 1,Remedial Investigation Report for the 200-CW-5 U Pond/Z Ditches Cooling Water Group, the
200-CW-2 S Pond and Ditches Cooling Water Group, the 200-CW-4 T Pond and Ditches
Cooling Water Group, and the 200-SC-1 Steam Condensate Group Operable Units) added three
waste sites: the 200-W-84 Process Sewer, 200-W-102 Process Sewer, and 216-W-LWC Crib.
The 216-W-LWC Crib or laundry waste crib has been reassigned to the 200-CW-5 OU from the
200-SC-I OU following the Tri-Party Agreement procedure for waste site reclassification
(RL-TPA-90-0001). The laundry waste crib is an RPP site.

The 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OU waste sites received
cooling water, steam condensate, and chemical sewer waste from several facilities in the
200 East and 200 West Areas. These effluent streams ranged from acidic to basic and carried
chemical and radiological contaminants. Chapter 2.0 provides a detailed description of sources
of contaminants, types of contaminants, and other waste-related items.

During the 200-CW-5 OU RI, data were collected to characterize the nature and vertical extent
of chemical and radiological contamination and physical conditions in the vadose zone
underlying the lower end of the 216-Z-1 1 Ditch. The scope of this RI included drilling, surface
and borehole geophysical surveys, and sampling and analysis of soil. The 200-CW-5 OU
RI report (DOERL-2003-1 1) also summarizes previous characterization efforts relating to the
216-U-10 Pond and 216-U-14 Ditch. Characterization activities at the 216-U-10 Pond and
216-U-14 Ditch included drilling, test pit excavation, borehole geophysical surveys, and soil
sampling and analysis. With the exception of geophysical logging, no additional soil sampling
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and analysis were performed at these sites under the 200-CW-5 OU RI because the existing data
are considered sufficient for making remedial decisions (BHI-01294, Data Quality Objective
Summary Report for the 200-CW-5 UPond/Z Ditches System Waste Sites) using the analogous
site approach discussed in Chapter 2.0 of this FS. The 200-CW-5 OU RI report includes
RI results, risk assessment, and modeling for representative sites. The data from the
representative sites support the evaluation of remedial alternatives for the OUs in this FS.

1.1 PURPOSE

The purpose of this FS is to develop and evaluate alternatives for remediation of the waste sites
in the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-I OUs. This FS refines
preliminary potentially applicable or relevant and appropriate requirements, remedial action
objectives, and general response actions initially identified in the Implementation Plan
(DOE/RL-98-28). Technology screening and alternatives development initially performed in the
Implementation Plan are reviewed and refined, as necessary, based on the site-specific data
generated in the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OU RI report
(DOE/RL-2003-1 1) and other sources of existing information. The alternatives considered
provide a range of potential response actions (e.g., no action; maintain existing soil cover with
monitored natural attenuation and institutional controls; removal, treatment, and disposal;
capping; partial removal, treatment, and disposal with capping; in situ vitrification) that are
appropriate to address site-specific risk conditions. The alternatives are evaluated against the
nine CERCLA evaluation criteria defined in EPA/540/G-89/004, Guidancefor Conducting
Remedial Investigations and Feasibility Studies Under CERCLA, (Interim Final),
OSWER 9355.3-01. The Tri-Parties will use this FS as the basis for selecting a remedy to
mitigate potential risks to human health and the environment. A preferred remedial alternative
(or alternatives) will be presented to the public in DOE/RL-2004-26, Proposed Planfor the
200-CW-5 (U Pond/Z Ditches), 200-CW-2 (S Pond/Ditches), 200-CW-4 (T PondDitches)
Cooling Water Group, and 200-SC-I Steam Condensate Group Operable Units), for review and
comment.

1.2 SCOPE

Cleanup of the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OUs is a
source-control action that addresses contaminated soil and structures (e.g., buried piping)
associated with ponds, ditches, trenches, pipelines, concrete retention basins and control
structures, UPR sites, and other associated waste sites. Other than the requirement for
source-control action to be protective of groundwater and surface water, the scope does not
include remediation of groundwater that may be beneath these waste sites. Contaminated
groundwater in the 200 East Area is being addressed by the 200-BP-5 OU and 200-PO-1 OU.
Contaminated groundwater in the 200 West Area is being addressed by the 200-UP-1 OU and200-ZP-1 OU.

1-3



DOE/RL-2004-24 DRAFT A

1.3 REPORT ORGANIZATION

The essential elements of the FS process are presented in Chapters 1.0 through 8.0, and are
summarized as follows.

" Chapter 1.0 presents the purpose, scope, and regulatory fi-amework for the FS, as well as
this overview of report organization.

* Chapter 2.0 presents descriptions of the physical setting, waste sites, and site
contamination; compares analogous sites with the representative sites; and summarizes
risk assessments.

* Chapter 3.0 discusses land-use assumptions and develops the overall cleanup objectives
and media-specific goals for the waste sites.

" Chapter 4.0 refines the technologies identified for these OUs and waste sites in the
Implementation Plan (DOE/RL-98-28) by evaluating new information on existing
technologies or promising and relevant emerging technologies. The technologies are
broadly screened for applicability to the waste sites in the FS. Screening considerations
include effectiveness (likelihood of meeting remedial action objectives for the specific
contaminants present at the site), implementability relative to specific site conditions,
status of technology development, and relative cost.

* Chapter 5.0 describes the remedial alternative development process, initially conducted
as part of the Implementation Plan (DOE/RL-98-28) development, and uses that
information in concert with site-specific data from the RI to refine the remedial
alternatives to be carried forward for detailed and comparative analyses.

" Chapter 6.0 presents a detailed analysis of each of the remedial alternatives against seven
CERCLA evaluation criteria (protection of human health and the environment; regulatory
compliance; long-term effectiveness; reduction of toxicity, mobility, or volume;
short-term effectiveness; implementability; and cost) as defined in EPA/540/G89/004.
This chapter also assesses each alternative relative to National Environmental Policy Act
of 1969 values, as required by DOE policy.

* Chapter 7.0 presents the comparative analysis of the six remedial alternatives and
identifies their relative advantages and disadvantages, based on the seven CERCLA
evaluation criteria. The results of this analysis provide a basis for selecting a remedial
alternative for each representative waste site and its analogous waste sites.

" Chapter 8.0 summarizes the conclusions of the FS. This chapter also presents the
preferred alternatives and path forward for remediation of the 200-CW-5 OU,
200-CW-2 OU, 200-CW-4 OU, and 200-SC-I OU waste sites.

* Chapter 9.0 contains all references for the main body of the report; each appendix
contains its own reference section.
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. Appendix A includes current photographs of the waste sites showing the amount and type
of vegetation present on and/or around the waste sites.

* Appendix B presents an analysis of regulatory requirements and available guidance with
respect to the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OU.

" Appendix C presents the human health and ecological risk evaluations, including the
methodology, results, and uncertainties for analogous sites with data.

* Appendix D presents the basis for the comparative cost estimates. Detailed cost
estimates are provided for each representative site including applicable alternatives and
derived costs for analogous sites.

* Appendix E presents the risk analysis for a potential intruder to the representative sites
and analogous sites with characterization data.

1.4 REFERENCES
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as amended.
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System Waste Sites, Rev. 0, Bechtel Hanford, Inc., Richland, Washington.

Comprehensive Environmental Response, Compensation, and Liability Act of 1980,
42 USC 9601, et seq.

DOE/EIS-0222-F, 1999, Final Hanford Comprehensive Land Use Plan Environmental Impact
Statement, U.S. Department of Energy, Washington, D.C.

DOE/RL-98-28, 1999, 200 Areas Remedial Investigation/Feasibility Study Implementation
Plan - Environmental Restoration Program, Rev. 0, U.S. Department of Energy,
Richland Operations Office, Richland, Washington.

DOE/RL-2003-11, 2004, Remedial Investigation Report for the 200-CW-5 U Pond/Z Ditches
Cooling Water Group, the 200-CW-2 S Pond and Ditches Cooling Water Group, the
200-CW-4 T Pond and Ditches Cooling Water Group, and the 200-SC-1 Steam
Condensate Group Operable Units, Rev. 0, U.S. Department of Energy, Richland
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Table 1-1. Operable Units and Associated Analogous Sites.

200-CW-5 OU 200-CW-2 OU 200-CW-4 ou 200-SC-1 ou

12 Waste Sites - 8 Waste Sites - 8 waste Sites 13 Waste Sites -
3 Unplanned Releases 1 Unplanned Release 3 Unplanned Releases

216-U-9 Ditch 216-S-17 Pond 216-T-4A Pond 216-S-5 Crib

216-U-10 Pond 216-S-16P Pond 216-T-4B Pond 216-S-6 Crib

216-U-11 Ditch 207-S Retention Basin 216-T-1 Ditch 216-A-6 Crib

216-U-14 Ditch 216-S-172 Control 216-T-4-1D Ditch 216-A-30 Crib

207-U Retention Basin Structure 216-T-4-2 Ditch 216-S-25 Crib

216-W-LWC Crib 2904-S-160 Control 207-T Retention Basin UPR-200-E-19
Structure

200-W-84 Process Sewer 200-W-88 Process Sewer UPR-200-E-21
2904-S-170 Control

UPR-200-W-111 Structure 216-T-12 Trench UPR-200-E-29

UPR-200-W-112 216-S-171 Control 200-E-113 Process

200-W-102 Process Sewer Structure Sewer

216-Z-1D Ditch 216-S-16D Ditch 216-A-37-2 Crib

216-Z-19 Ditch UPR-200-W-124 216-B-55 Crib

UPR-200-W-110 216-B-64 Retention
Basin

216-Z-20 Ditch
216-T-36 Crib

216-Z-11 Ditch
200-W-79 Pipeline

207-Z Retention Basin

207-A North Retention
Basin

OU = operable unit.
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CHAPTER 2.0 TERMS

bgs
c/min
d/min
CERCLA

DOE
ELCR
EPA
FS
FY
HEDL
MCL
NIA
ORP
OU
PFP
PIF
PRG
PUREX
PVC
RATDU
RBC
RECUPLEX
REDOX
RESRAD
RI
RLS
SLERA
STOMP
TBP
TEDF
TPH
Tri-Parties

UPR
URM
WIDS

below ground surface
counts per minute
disintegrations per minute
Comprehensive Environmental Response, Compensation, and
Liability Act of 1980
U.S. Department of Energy
excess lifetime cancer risk
U.S. Environmental Protection Agency
feasibility study
fiscal year
Hanford Engineering Development Laboratory
maximum contaminant level
not applicable
U.S. Department of Energy, Office of River Protection
operable unit
Plutonium Finishing Plant
Plutonium Isolation Facility
preliminary remediation goal
Plutonium-Uranium Extraction Plant
polyvinyl chloride
Radioactive Acid Digestion Test Unit
risk-based concentration
Recovery of Uranium and Plutonium by Extraction Plant
Reduction-Oxidation Plant
RESidual RADioactivity (dose model)
remedial investigation
radionuclide logging system
screening-level ecological risk assessment
Subsurface Transport Over Multiple Phases (code)
tributyl phosphate
Treated Effluent Disposal Facility
total petroleum hydrocarbon
U.S. Department of Energy, U.S. Environmental Protection
Agency, and Washington State Department of Ecology
unplanned release
Underground Radioactive Material (area)
Waste Information Data System
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2.0 BACKGROUND INFORMATION

2.1 OPERABLE UNITS BACKGROUND AND
HISTORY

This chapter discusses the background and history of waste sites within the 200-CW-5 OU,
200-CW-2 OU, 200-CW-4 OU, and 200-SC-I OU, including descriptions of the liquid
waste-generating processes, the physical setting, natural resources, cultural resources,
socioeconomics, representative sites, the nature and extent of contamination at individual waste
sites, and a risk evaluation summary.

DOE/RL-96-8 1, Waste Site Grouping for 200 Areas Soil Investigations; BHI-01294,
200-CW-5 U-Pond and Z Ditches Cooling Water Operable Unit Remedial Investigation DQO
Summary Report, and DOE/RL-98-28, 200 Area Remedial Investigation/Feasibility Study
Implementation Plan - Environmental Restoration Program (Implementation Plan), identify
three representative sites to be characterized for the 200-CW-5 OU, 200-CW-2 OU,
200-CW-4 OU, and 200-SC-1 OU. These representative sites are the 216-U-10 Pond, the
216-U-14 Ditch, and the 216-Z-1 Ditch. The representative sites were selected for evaluation in
an RI because of the amount of characterization already performed and because the sites are
generally considered worst case (upper bound) or typical of the waste characteristics for the
OUs. Two additional representative sites from other OUs (200-TW-1 and 200-CW-1) were
selected to support this FS. This was necessary because previously selected representative sites
from within 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-I OU were not
scheduled for characterization in time to support the FS development schedule. The two
additional sites are the 216-A-25 Gable Mountain Pond and the 216-T-26 Crib. Both were
selected because they had adequate site characterization to support an FS and because their waste
inputs were similar to waste received at their analogous sites. The 216-A-25 Gable Mountain
Pond received cooling water and other low-level radioactive effluent from 200 East Area
facilities, including the 207-A North Retention Basin. Therefore, it was a logical choice as a
representative site for its one analogous site, the 207-A North Retention Basin. The
216-T-26 Crib received waste from the T Plant, as did its analogous sites.

Characterization of the five representative sites was presented in three Rls: DOE/RL-2003-1 1,
Remedial Investigation for the 200-CW-5 U Pond/Z Ditches Cooling Water Group, the
200-CW-2 S Pond and Ditches Cooling Water Group, the 200-CW-4 T Pond and Ditches
Cooling Water Group, and the 200-SC-1 Steam Condensate Group Operable Units
(216-U-10 Pond, 216-U-14 Ditch, and 216-Z-1 Ditch); DOFIRL-2000-35, 200-CW-1 Operable
Unit Remedial Investigation Report (216-A-25 Pond); and DOE/RL-2002-42, Remedial
Investigation Report for the 200-TW-1 and 200-TW-2 Operable Units (Includes the
200-PW-5 Operable Unit) (216-T-26 Crib). This chapter also summarizes the available
information for analogous waste sites (i.e., sites that are not identified as representative sites
within the OUs). This information is presented for correlating analogous sites with
representative sites. Relationships between analogous and representative sites are developed to
support the evaluation of remedial alternatives by application of the analogous site approach
described in this chapter and in the Implementation Plan (DOE/RL-98-28).
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2.1.1 Buildings and Ancillary Facilities

The Hanford Site, established in 1943, was originally designed, built, and operated to produce
plutonium for nuclear weapons using production reactors and chemical reprocessing plants.
In March 1943, construction began on three reactor facilities (B, D, and F Reactors) in the
100 Areas and three chemical processing facilities (B, T, and U Plants) in the 200 Areas.
Operations in the 200 East and West Areas mainly were related to separation of special nuclear
materials from spent nuclear fuel (i.e., fuel withdrawn from a nuclear reactor following
irradiation). Operations in the 200 Areas took place in eight main processing areas:

" 200 North Area - The 200 North Area was used for temporary storage of irradiated
nuclear fuel and contaminated equipment.

. B Plant - In the B Plant, the bismuth phosphate process was used to separate plutonium
from irradiated fuel rods. Recovery of cesium, strontium, and rare earth metals also was
carried out at B Plant.

* S Plant - In the S Plant, the reduction/oxidation (REDOX) process was used to separate
plutonium from irradiated fuel rods.

. T Plant - In the T Plant, the bismuth phosphate process was used to separate plutonium
from irradiated fuel rods.

" A Plant - In the Plutonium-Uranium Extraction PUREX Plant, the tributyl phosphate
(TBP) process was used to separate plutonium from irradiated fuel rods.

. C Plant - In the Hot Semi Works Plant, pilot plant tests of the REDOX process were
conducted before startup of S Plant.

" U Plant - In the U Plant, the TBP process was used to recover uranium from
bismuth-phosphate process wastes.

" Z Plant - in the Z Plant, dibutyl butyl phosphate, TBP, carbon tetrachloride, and acids
were used in the americium and plutonium separation and recovery process.

The following sections identify the buildings and processes involved in discharging effluent to
the 200-CW-5, 200-CW-2, 200-CW-4, and 200-SC-1 OU waste sites.

2.1.2 Operable Unit Descriptions

Waste sites in the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OU received
liquid waste streams (principally cooling water and steam condensate) from all of the
above-listed processing areas except 200 North Area and C Plant. Several waste sites received
sludge removed from retention basins within these OUs. Effluents directed to these sites
contained low concentrations of radionuclides and/or chemicals. Additional background
information on the history of operations, important waste-generating processes, and liquid waste
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disposal practices at the various processing areas is provided in Section 3 and Appendix H of the
Implementation Plan (DOE/RL-98-28).

The cooling water and steam condensate was designed to be entirely separate from contaminated
process liquids. This was accomplished with physical barriers, which typically were the walls of
a heating or cooling pipe coil. Steam and cooling water were circulated through coils inside
process vessels to adjust the temperatures in the vessels. The spent steam was condensed with
cooling water after exiting the process vessel. The condensed steam and cooling water were
released to plant sewers or piping systems that discharged to ditches and ponds. The use of very
large volumes of cooling water for steam condensation and process vessel cooling resulted in the
generation of very large volumes of effluent; more than 90 percent of all liquids discharged to
the soil column in the 200 Areas were from cooling water (DOE/RL-98-28).

Over time, coils that circulated steam and cooling water inside chemical process tanks were
known to develop pinholes and hairline cracks because of the corrosive chemicals and high
thermal gradients in these tanks. These minor defects usually did not lead to contamination of
the steam and cooling water because the pressure in the pipe coils was greater than the pressure
in the process or condenser vessels; however, on occasions when the pressure in the coils was
reduced or suspended, minor leakage through the flaws led to waste stream contamination.
Other accidental releases from causes such as operator error also have contributed to
contamination of the effluents discharged to the waste facilities in these OUs.

The following sections identify the buildings and processes involved in discharging effluent to
the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC- 1 OU waste sites.

2.1.2.1 200-CW-5 U Pond/Z-Ditches Cooling Water Group Operable Unit Description

U Pond

The waste sites in the 200-CW-5 OU primarily received cooling water from the Z Plant and
supporting facilities and from the U Plant and its supporting facilities. The 216-U-10 Pond was
the final disposal site for most of these waste streams. The pond received 165 billion L
(44 billion gal) of water between 1944 and 1985 from a number of facilities by way of the
216-U-14 Ditch and the Z-Ditches. Several ditches and ponds received overflow water from the
216-U-10 Pond and lay outside the fenced portion of 200 West Area.

The 216-U-9 Ditch was excavated in 1952 and extended more than 1000 m (3,279 ft) to the
south to the 216-S-17 Pond. This ditch was contaminated in 1953 and later backfilled. The first
500 m (1,640 ft) of the ditch were exhumed, constructing a leg to the 216-S-16 Pond and Ditch
system. This system was used sporadically, mostly in the early 1950s and again in the early
1970s. The 216-U-11 Ditch (active between 1944 and 1957) was extended west of the
216-U-10 Pond and received significant quantities of water. The ditch was constructed in a
U shape. A pool formed at the center of the U during high overflow conditions.

The waste-generating processes providing effluent to this waste site grouping include the
Laundry/Mask Cleaning Facility (2723-W and 2724-W Buildings), which discharged wastewater
generated during the cleaning and drying of radiologically contaminated and soiled work clothes.
Between 1944 and 1981, laundry effluents were carried by the 200-W-102 Pipeline and
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discharged to the head end of the 216-U-14 Ditch. The effluents contained lower levels of
radionuclides and a variety of detergents and phosphates. Beginning in 1981, laundry waste and
mask station waste from the MO-412 Building were directed to the 216-W-LWC Crib.

In addition to the facilities described above, the 282-W Reservoir, the 283-W Water Treatment
Plant, and the 284-W Powerhouse actively discharged to the 216-U-14 Ditch through 1984.
Wastewater was discharged from the 284-W Powerhouse in three modes: equipment blow-down
for scale removal, batch runs for water softener regeneration, and cooling water for routine boiler
operations. The water-softening process released a brine solution into the effluent stream.
The blow-down process produced an effluent with boiler scale and low levels of residual
oxygen-scavenging chemicals such as ethylene diamine tetraacetic acid (EDTA). Other minor
waste streams were associated with filter backwashes at the 282 and 283 Facilities. The
uppermost 183 m (600 ft) of the 216-U-14 Ditch were converted to the 200-W Powerhouse Pond
in 1984 when the ditch was taken out of service; the 200-W Powerhouse Pond remained active
until 1995.

Whether wastewater from the laundry, powerhouse, and water treatment system reached the
216-U-10 Pond is unknown. The portion of the 216-U-14 Ditch between the 200-W Powerhouse
Pond and the 207-U Retention Basin was backfilled and stabilized after 1984.

The U Plant facilities were a major source of cooling water and steam condensate effluents. The
221-U Chemical Separations (canyon) Building, 222-U Laboratory, and 224-UO 3 Plant
constructed between 1943 and 1945, were the third plutonium separations facility at the Hanford
Site. The U Plant was planned for use as a training facility. Because training operations did not
involve radioactive materials, all waste streams were considered to be uncontaminated. This
status changed in 1952 when the plant restarted following conversion for the Uranium Recovery
Process (URP). Under this program, uranium was removed from the active single-shell tank
farms that had received first-cycle decontamination waste generated in the bismuth phosphate
process waste. The plant used a tri-butyl phosphate (TBP) organic separations process, similar to
the 202-A PUREX Facility.

Cooling water and steam condensate generated by the URP were collected in waste headers and
transported to the two-basin 207-U Retention Basin via pipelines. During operations, effluents
sent to one retention basin were sampled and analyzed before being released to the
216-U-14 Ditch.

After 1984, the 216-U-14 Ditch segment between the 207-U Retention Basin and the
216-U-10 Pond was kept open. Low volumes of cooling water and steam condensate were sent
to the ditch until 1994 when the section between 207-U and Cooper Avenue was stabilized. The
remaining fragment of the 216-U-14 Ditch between Cooper Avenue and the old U Pond was
active until 1995, receiving 242-S Evaporator cooling water. This section of the ditch had
received operational quantities of 242-S Evaporator cooling water between 1973 and 1980, and
again in 1985 for treatment of uranium-bearing groundwater. Additional cooling water was
flushed through the 242-S Plant until this ditch segment finally was removed from service in
1995. The 207-U Retention Basin outlet was plugged in 1994 and since then, the basin has been
used to collect storm water runoff from the grounds around the 224-UO3 Plant.
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Z-Ditches

The Z-Ditches, consisting of the 216-Z-1D Ditch, 216-Z-1 Ditch, 216-Z-19 Ditch, and
216-Z-20 Crib, are a series of parallel ditches that were used to route cooling and other

wastewaters to the 216-U-10 Pond. The 216-Z-1D Ditch was constructed in 1944 to carry
cooling water effluents from the 231-Z Plutonium Isolation Plant, the last step in the bismuth

phosphate-based plutonium refining process. This facility converted the plutonium into a wet

nitrate form. When the bismuth phosphate process at the 221 -T Plant shut down in 1956, the
231-Z Plant was converted for use on other projects, addressing metallurgical studies, weapons
component fabrications, and reactor fuel development. These processes yielded low-level,

low-volume waste.

The startup of the Z Plant in 1949 provided for additional processing steps to convert plutonium
nitrate into more stable and safer forms, including oxalate, oxide, and pure metal. Additional
process modifications were required to adapt the plant to handle inputs from a larger number of
reactors and from new chemical separations (REDOX and PUREX) plants. Machining of
plutonium into weapons configurations produced large quantities of scrap. The recovery of
uranium and plutonium by extraction (RECUPLEX) process in the Z Plant was used initially for
scrap reclamation. Later, adjacent recovery facilities such as the 236-Z Plutonium Reclamation
Facility (PRF), the 232-Z incinerator, and the 242-Z Waste Treatment Facility were added.
Operations in the Z Plant Complex continued until 1989 and waste discharges to the ground
ceased in 1995.

2.1.2.2 200-CW-2 S Ponds and Ditches Cooling Water Group Operable Unit Description

The 200-CW-2 OU includes the cooling water disposal sites used primarily by the REDOX
process at the 202-S Canyon Building. Included in the list of disposal sites are the 216-S-16 and

216-S-17 Ponds, the 216-S-16 Ditch, the 207-S Retention Basin, and a series of diversion boxes,
weirs, and control structures spread along the pipeline between the 200 West Area fence line and
the 216-S-16 Ditch. Also included in this group is one unplanned release (UPR) site, which
originated from coil failures inside REDOX process vessels. The failures were responsible for
the closing of the 207-S Retention Basin and the 216-S-17 Pond in 1954.

The 216-S-16 Pond and Ditch system was constructed in 1953-1954 near the REDOX Plant by
building a dike over a low spot in the topography. Several dike failures in 1958 and 1959 caused
a spread of contamination to the north, west, and south of the original pond. In 1965, the
216-S-16 Pond also received contaminated REDOX water from a failed cooling coil at a feed
tank, which contaminated much of the ponds and ditches. Between 1973 and 1975, the
216-S-16 Pond and a downstream segment of the 216-S-16 Ditch received overflow from the
216-U-10 Pond by way of the 216-U-9 Ditch.

A number of underground control and diversion (weir) structures, or vaults, were constructed
along the pipeline system leading out to the 216-S-16 Ditch. These structures consisted of the
2904-S-170 Sampling Vault (associated with the 2904-SA building) and, in order moving
downstream, the 2904-S-160, 216-S-172, and 2904-S-171 Control Structures. The
2904-S-160 Control Structure controlled flow to the 216-S-17 or the 216-S-16 Pond-
The 216-S-172 Control Structure appears to have controlled flow to the 216-S-5 Crib.
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The 2904-S-171 Control Structure was used to direct flow to the 216-S-16 Pond and Ditch or the

216-S-6 Crib.

Waste sources for the S Ponds and Ditches include the steam condensate and cooling water

streams from the 202-S REDOX Chemical Separations Plant. A number of steps in this process

were performed at elevated temperatures within caustic environments, so coil failures were more

common than at the bismuth phosphate plants. Plant operations were halted in 1967.

2.1.2.3 200-CW-4 T Ponds and Ditches Cooling Water Operable Unit Description

This OU includes waste disposal sites used for the various activities and processes conducted at

the 221 -T Bismuth Phosphate Plant Complex. The largest volume waste streams at this plant
were the combined cooling water and steam condensate streams used during the bismuth
phosphate process and the cooling water from the 242-T Evaporator. The waste streams were

collected in the 207-T Retention Basin and discharged to the 216-T-4A and 216-T-4B Ponds by
way of the 216-T-4-1 and 216-T-4-2 Ditches. More than 42 billion L (11 billion gal) of liquids
went to the ground at the 216-T-4A Pond and 216-T-4-1 Ditch between 1944 and 1972, while
unknown but much smaller quantities of effluents were discharged to the 216-T-4B Pond and

216-T-4-2 Ditch.

In 1954, the 216-T-12 Trench was excavated near the northeast corner of the 207-T Retention
Basin and received slightly contaminated sludge that had accumulated in the basin. This OU
also includes the 216-T-1 Ditch, which received a variety of waste from the head-end section of

the 221-T Building. The two ponds were located in an area 1600 m (5,250 ft) northwest of the
221-T Building that has since become the 218-W-2A and 218-W-3AE Burial Grounds.

The T Plant Bismuth Phosphate Complex was the first operational chemical separations plant at
the Hanford Site. The complex consisted of three major buildings, three tank frms, an
evaporator, and a variety of smaller facilities. The bismuth phosphate process was used to
process irradiated fuel rods in a batch mode. Production rates were lower than those at the
REDOX or PUREX Facility and waste generation also was lower. Leaks in process vessels
resulted in significant levels of contamination to the ponds and ditches.

High-activity waste was sent to the T, TX, and TY Tank Farms for storage. With the processing
rate exceeding the capacity of existing tank firms, the 242-T Evaporator was constructed to
reduce the volume of tank waste. The system operated in batch mode from 1950 to 1955, but
was converted to continuous operation in 1965. The facility shut down in 1986.

The bismuth phosphate process ran at 221-T/224-T Plant until 1956, after which the plant was
used for a number of minor programs. The plant was used to decontaminate easily moved
equipment, relying on acid, caustic, or complexant solutions, detergents, and rinse water to
remove the radiological contaminants. Waste solutions were disposed to the T Pond systen
The 2706-T Building was constructed in 1964 and used to decontaminate railway equipment and
vehicles. Waste from this facility went to a number of waste sites, including the 216-T-4A Pond,
between July 1964 and December 1965. Another source of effluents from the 221-T Plant was
work performed at the 221-T Facility. In the mid-1940s, this facility was used to conduct
scale-up tests on radioactive materials for the bismuth phosphate process. Thereafter, the Pacific
Northwest National Laboratory used the facility for a variety of purposes. Waste generated in
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this part of the building was sent to the 216-T-1 Ditch, which received 178 million L of water

between 1944 and 1995.

2.1.2.4 200-SC-1 Steam Condensate Operable Unit Description

A wide variety of processes in the 200 East and 200 West Areas generated steam condensate

waste. Volumes varied considerably, a function of the process and its longevity. This operable

unit consists of cribs, retention basins, UPRs, and pipelines that received or transported steam

condensate from a number of the large processing facilities in the 200 Areas. Large volumes of

steam were required to heat or boil process chemistry for effective chemical reactions at

REDOX, PUREX, the Uranium Recovery Process at U Plant, and the isotope recovery programs
at B Plant.

The 242 Evaporators also released large quantities of steam condensate, only some of which was

discharged to these waste sites. The steam was condensed either in use or in off-line condensing
units. As in the case of cooling water systems, steam condensate wastewater generally was not

contaminated; however, major coil failures and operational errors resulted in significant
individual release events. Cribs were the preferred waste disposal sites for steam condensate
streams because the failure rate for heating coils was significantly higher than the rate for

cooling coils.

Steam condensate from the 221-S REDOX Plant was discharged to the 216-S-16 Pond and Ditch

system. Releases that contained minor waste concentrations were diverted to the 216-S-5 Crib.
The 216-S-6 Crib received more highly contaminated waste discharges.

A number of process vessels within the PUREX Facility required heating or boiling; therefore,
steam condensate was a large-volume waste stream at this plant. Steam condensate from the
PUREX Facility was discharged via the 200-E-1 13 Process Sewer to the 216-A-6, 216-A-30, or

216-A-37-2 Crib. The cribs were located at the southeast corner of the 202-A Canyon Building
and were built sequentially as the active cribs began to lose percolation capacity. The
216-A-6 Crib was active between 1955 and 1970, with a break in service between 1961 and 1966
following several incidents of crib flooding caused by the lost percolation or greater-than-design
discharge volumes (UPR-200-E-21 and UPR-200-E-29). The 216-A-30 Crib was built as a
larger replacement in 1961 and operated until 1966 when rising water levels necessitated
bringing the 216-A-6 Crib back on line. It continued in service until 1992. The
216-A-37-2 Crib, one of the largest cribs on site, was constructed in 1983, and received waste
until 1995.

In the mid 1960s, the 221-B Plant was converted to recover isotopes from PUREX and REDOX
tank waste under the Waste Fractionization Program. A series of ion exchange columns was
used to recover cesium and technetium isotopes while a sulfate-based precipitation process was

used for strontium, promethium, and rare-earth radionuclides. Solvent extraction technology,
based on a variant of the TBP process, also was applied to the recovery of strontium and cesium
from selected PUREX waste streams and from other specific waste tanks. The Waste
Fractionization Program was designed primarily to remove longer-lived, heat-producing
radionuclides from tank waste. The Waste Encapsulation and Storage Facility was constructed at
the west end of the 221-B Plant as the 225-B Facility. A diversion capability for
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above-specification steam condensate was added in 1974 with the installation of the
216-B-64 Retention Basin, a concrete structure with two large rubber bladders, flow gates, and a
pump for transferring diverted condensate water to the crib or the 221-B Building. Beyond an
initial test with noncontaminated liquid, the structure never was used. The retention basin was
isolated in 1996-1997.

2.2 PHYSICAL SETTING

The following sections briefly describe the meteorology, topography, and hydro-geologic
frameworks for the 200-CW-5, 200-CW-2, 200-CW-4, and 200-SC-I OU waste sites.
Additional discussions are provided in DOEJRL-92-19, 200 East Groundwater Aggregate Area
Management Study Report, PNNL-13788, Hanford Site Groundwater Monitoring for Fiscal
Year 2001; PNNL-13910, Hanford Site Environmental Reportfor Calendar Year 2001;
PNNL-6415, Hanford Site National Environmental Policy Act (NEPA) Characterization;
DOE/RL-99-66, Steam Condensate/Cooling Water Waste Group Operable Units RI/FS Work
Plan; Includes: 200-CW-5, 200-CW-2, 200-CW-4, and 200-SC-1 Operable Units;
DOF/RL-2000-35; DOE/RL-2002-42; and DOE/RL-2003-1 1.

2.2.1 Meteorology

The Hanford Site lies east of the Cascade Mountains and has a semiarid climate caused by the
rain shadow effect of the mountains. Climatological data are monitored at the Hanford
Meteorological Station and other locations throughout the Hanford Site. From 1945 through
2001, the recorded maximum temperature was 45 *C (113 0F), and the recorded minimum
temperature was -30.6 *C (-23 F) (PNNL-6415). The two extremes occurred during August
and February, respectively. The monthly average temperature ranged from a low of -0.24 *C
(31.7 *F) in January to a high of 24.6 *C (76.3 *F) in July. The annual average relative humidity
is 54 percent (PNNL-6415).

Most precipitation occurs during late autumn and winter, with more than half of the annual
amount occurring from November through February (PNNL-6415). Normal annual precipitation
is 17.7 cm (6.98 in.). Because this area typically receives less than 25.5 cm (10 in.) of
precipitation a year, the climate is considered to be semiarid (PNNL-6415).

The prevailing wind direction at the Hanford Monitoring Station is from the northwest during all
months of the year (PNNL-6415). Monthly average wind speeds are lowest during the winter
months and average about 3 in/s (6 to 7 mi/h). The highest average wind occurs during the
summer and is about 4 m/s (8 to 9 mi/h). The record wind gust was 35.7 m/s (80 mi/h) in 1972.

2.2.2 Topography

The Hanford Site is located in the Pasco Basin on the Columbia Plateau. The 200 West Area is
located on the 200 Areas Central Plateau near the center of the Hanford Site. The 200 Areas
Central Plateau is the common reference used to describe the Cold Creek Bar - a relatively flat,
prominent terrace that trends generally east to west with elevations between 198 and 230 m
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(650 to 755 ft) above mean sea level. The Cold Creek Bar formed during the cataclysmic

flooding events of the Missoula floods, which ended approximately 13,000 years ago.

2.2.3 Geology

The Hanford Site is underlain by basalt of the Columbia River Basalt Group and a sequence of

suprabasalt sediments. From oldest to youngest, major geologic units of interest are the Elephant

Mountain Basalt Member, the Ringold Formation, the Cold Creek unit (formerly,

Plio-Pleistocene unit, early "Palouse" soil, caliche layer, or pre-Missoula gravels), and the

Hanford formation. A generalized stratigraphic column for the 200 East and 200 West Areas is

shown in Figure 2-1. Figure 2-2 shows the locations of the boreholes. Figures 2-3 and 2-4 were

generated from boreholes in the 200 West Area near the representative sites to show the spatial

relationships of these units across that area.

The Elephant Mountain Basalt Member is bedrock beneath the OUs and consists of a medium- to

fine-grained tholeiitic basalt with abundant microphenocrysts of plagioclase (DOEIRW-0164-F,

Consultation Draft, Site Characterization Plan, Reference Repository Location, Hanford Site,

Washington). Basalt is overlain by the Ringold Formation over most of the 200 East Area and

all of the 200 West Area. The Ringold Formation consists of an interstratified sequence of

unconsolidated clay, silt, sand, and granule to cobble gravel deposited by the ancestral Columbia

River. The fluvial-lacustrine Ringold Formation is informally divided into several units; these

are (from oldest to youngest) the fluvial gravel and sand of unit A, the buried soil horizons and

lake deposits of the lower mud sequence, the fluvial sand and gravel of unit E, and the lacustrine

mud of the upper Ringold unit.

The Cold Creek unit overlies the Ringold Formation in the 200 West Area (DOFRI-2002-39,

Standardized Stratigraphic Nomenclature for Post-Ringold Formation Sediments Within the

Central Pasco Basin). In the 200 East Area, near the B, BX, and BY Tank Farms, the Cold

Creek unit overlies basalt where the Ringold Formation is not present.

In the 200 East Area, the Cold Creek unit previously was interpreted to be the Hanford

formation/Plio-Pleistocene (HNF-5507, Subsurface Conditions Description of the

B-BX-BY Waste Management Area). The Hanford formation/Plio-Pleistocene was interpreted to

be equivalent or partially equivalent to the Plio-Pleistocene unit in the 200 West Area or to

represent the earliest ice age flood deposits overlain by a locally thick sequence of fine-grained

non-flood deposits (HNF-5507).

In DOE/RL-2002-39, the Cold Creek unit is divided into five lithofacies. The five lithofacies

units are differentiated based on grain size, sedimentary structure, sorting, fabric, and mineralogy

as follows:

. Fine-grained, laminated to massive

. Fine- to coarse-grained, calcium carbonate cemented

. Coarse-grained, multilithic
. Coarse-grained, angular, basaltic
. Coarse-grained, round basaltic lithofacies.
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Descriptions of the five lithofacies units, depositional environments, and association with
previous site nomenclature are shown in Table 2-1. Detailed descriptions of the lithofacies units
are presented in DOERL-2002-39.

The Hanford formation overlies the Cold Creek unit in the 200 Areas. Where the Ringold
Formation and Cold Creek unit are not present in the 200 East Area, the Hanford formation
overlies basalt. The Hanford formation consists of unconsolidated gravel, sand, and silt
deposited by cataclysmic floodwaters. These deposits consist of gravel-dominated and
sand-dominated facies. The gravel-dominated facies consist of cross-stratified, coarse-grained
sands and granule to boulder gravel. The gravel is uncemented and matrix poor. The sand facies
consists of well-stratified fine- to coarse-grained sand and granule gravel. Silt content is variable
and may be interbedded with the sand. Where the silt content is low, an open-framework texture
is common. An upper and lower gravel unit and a middle sand facies are present in the study
area.

The cataclysmic floodwaters that deposited sediments of the Hanford formation also locally
reshaped the topography of the Pasco Basin. The floodwaters deposited a thick sand and gravel
bar that constitutes the higher southern portion of the 200 Areas, informally known as the
200 Area Plateau. In the waning stages of the ice age, these floodwaters also eroded a channel
north of the 200 Areas in the area currently occupied by the 216-A-25 Gable Mountain Pond.
These floodwaters removed all of the Ringold Formation from this area and deposited Hanford
formation sediments directly over basalt.

Holocene-aged deposits overlie the Hanford formation and are dominated by eolian sheets of
sand that form a thin veneer across the site, except in localized areas where they are absent.
Surficial deposits consist of very fine- to medium-grained sand to occasionally silty sand. Silty
deposits less than 1 m (approximately 3 ft) thick also have been documented at waste sites where
fine-grained windblown material has settled out through standing water over many years.

2.2.4 Hydrostratigraphy

A detailed discussion of the hydrostratigraphy in the areas of the representative sites is contained
in DOE/RL-2003-1 1, DOFIRL-2002-42, and DOEIRL-2000-35. This section summarizes thisinformation. The vadose zone is the unsaturated region between the ground surface and water
table. In the vicinity of the 200 Areas, the vadose zone thickness ranges from 62 m (206 ft) inthe 200 West Area to 105 m (345 ft) in the BC Controlled Area south of the 200 East Area fence.

Details of performance of the aquifer and recharge rates ate contained in PNL-10285, Estimated
Recharge Rates at the Hanford Site, and in PNL-5506, Hanford Site Water Table Changes
1950 Through 1980 -Data Observation and Evaluation. Recharge to the unconfined aquifer inthe 200 Areas is from artificial and natural sources. Any natural recharge originates from
precipitation. Estimates of recharge from precipitation at the Hanford Site range from 0 to10 cm/yr (0 to 4 in/yr) and largely depend on soil texture and the type and density of vegetation.
For areas where the ground cover is assumed to remain undisturbed, a recharge rate of 3.5 mm/yrwas assumed, which is within the range of values reported for shrub-steppe ground cover. For
the disturbed areas above the waste sites (i.e., stabilization cover), a recharge rate of 1.44 cm/yr
has been assumed. Artificial recharge occurred when effluents such as cooling water and
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process waste water were disposed to the ground. PNL-5506 reports that between 1943 and
1980, 6.33 x 10" L (1.67 x 1011 gal) of liquid wastes were discharged to the soil column. Most
sources of artificial recharge have been halted. The artificial recharge that does continue is
largely limited to liquid discharges from sanitary sewer system drain fields, two state-approved
land disposal structures, and 140 small-volume uncontaminated miscellaneous streams.
A state-approved land disposal site is located 366 m (1,200 ft) north of the 200 West Area
exclusion fence and receives liquid waste that has been treated at the 200 Areas Effluent
Treatment Facility in the 200 East Area (Waste Information Data System (WIDS),600-211, General Summary Report). While the liquid waste disposal facilities were operating,
many localized areas of saturation or near saturation were created in the soil column. With the
reduction of artificial recharge in the 200 Areas, these locally saturated soil columns are
dewatering. As the soil column dewaters, the moisture flux decreases. Residual moisture in the
vadose zone, however, may remain for some time. In the absence of artificial recharge, the
potential for recharge from precipitation becomes a primary driving force for contaminant
movement in the vadose zone.

The unconfined aquifer in the 200 Areas occurs in the Hanford formation, the Cold Creek unit,
and the Ringold Formation. Groundwater in the unconfined aquifer flows from areas where the
water table is higher (west of the Hanford Site) to areas where it is lower (the Columbia River)
(PNNL-13788). In general, groundwater flow through the 200 Areas Central Plateau occurs in a
predominantly easterly direction, from the 200 West Area to the 200 East Area (Figure 2-5).

Historical discharges to the ground greatly altered the groundwater flow regime, especially
around 216-U-10 (U Pond) in the 200 West Area and 216-B-3 (B Pond) in the 200 East Area.
Discharges to the 216-U-10 Pond resulted in a groundwater mound developing in excess of26 m
(85 ft)- Discharges to the 216-B-3 Pond created a hydraulic barrier to groundwater flow coming
from the 200 West Area, deflecting it to the north through the gap between Gable Mountain and
Gable Butte, or to the south of the 216-B-3 Pond. As the hydraulic effects of these two artificial
recharge sites diminish, groundwater flow is expected to acquire a more easterly course through
the 200 Areas, with some flow possibly continuing through Gable Gap (BHI-00469, Hanford
Sitewide Groundwater Remediation Strategy - Groundwter Contaminant Predictions).

2.3 NATURAL RESOURCES

Natural resources in the study area and vicinity include vegetation and wildlife resources.
Biological and ecological information aids in evaluating impacts to the environment from
contaminants in the soils, including potential effects of implementing remedial actions and
identification of sensitive habitats and species. This section also considers cultural and aesthetic
resources and socioeconomics associated with activities in the 200 Areas.

Survey data collected in 2000 and 2001 for the 200 Areas Central Plateau as part of the
Ecological Compliance Assessment Project were compiled to support Central Plateau ecological
evaluations (DOE/RL-2001-54, Central Plateau Ecological Evaluation). The information
includes plant community descriptions, identification of plant and wildlife species, and avian
census data. Designated levels of habitat under DOE/RL-96-32, Hanford Site Biological
Resources Management Plan, including rare plant populations, are identified and mapped. The
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data were collected before the Command 24 fire occurred in 2000. The fire, however, did not
impact any of the waste sites being considered in this FS.

2.3.1 Vegetation

Vegetation in the study area is characterized by native shrub-steppe, interspersed with large areasof disturbed ground dominated by annual grasses and forbs. In the native shrub-steppe, the
dominant shrub is big sagebrush (Artemisia tridentata). The understory is dominated by thenative perennial, Sandberg's bluegrass (Poa sandbergii), and the introduced annual, cheatgrass
(Bromus tectorum). Other shrubs typically present include rabbitbrush (Chrysothamnus spp.),spiny hopsage (Grayia spinosa), and antelope bitterbrush (Purshia tridentata). Other nativebunchgrasses that also are present include Indian ricegrass (Oryzopsis hymenoides) and
needle-and-thread grass (Stipa comata). Common herbaceous species include turpentine
cymopteris (Cymopteris terebinthinus), globemallow (Sphaeralcea munroana), balsamroot
(Balsamorhiza careyana), milkvetch (Astragalus spp.), yarrow (Achillea millefolium), dwarfevening primrose (Camissonia pygmaea), and daisy (Erigeron spp.). Dwarf evening primrose isa rare plant and has not been encountered in the study area.

Many of the waste disposal and storage sites in the 200 Areas have been backfilled with cleansoil and planted with crested or Siberian wheatgrass (Agropyron cristatum and Agropyron
sibericum, respectively) to stabilize surface soil, control soil moisture, or displace more invasivedeep-rooted species like Russian thistle (PNNL-6415). The area associated with the waste sitesaddressed in this FS is highly disturbed This disturbed habitat primarily is the result ofmechanical and operational disturbance. Outlying habitats also have been disturbed as a result ofrange fires, clearing, and construction activities.

2.3.2 Wildlife

The largest mammal frequenting the study area is the mule deer (Odocoileus hemionus). Muledeer are much more common along the Columbia River; the few that forage throughout the200 Areas make up a distinct group called the Central Population (PNNL-1 1472, Hanford SiteEnvironmental Reportfor Calendar Year 1996). A large elk herd (Cervus canadensis) currently
resides on the Fitzner-Eberhardt Arid Lands Ecology Reserve. Elk, which are more dependenton open grasslands for forage, seek the cover of sagebrush and other shrub species during thesummer months. The Rattlesnake Hills herd of elk that inhabits the Hanford Site primarilyoccupies the Arid Lands Ecology Reserve and private lands that adjoin the reserve to the southand west. They occasionally are seen in the 200 Areas and just south of them and have beensighted at the White Bluffs boat launch on the Hanford Site. The herd tends to congregate on theArid Lands Ecology Reserve in the winter and disperses during the summer months to higherelevations on the Arid Lands Ecology Reserve, private land to the west of the Arid LandsEcology Reserve, and the Yakima Training Center. In March 2000, about 200 elk were removedfrom the Arid Lands Ecology Reserve and relocated, and another 31 elk were removed during2002. Special hunts adjacent to the Hanford Site in 2000 accounted for the removal of207 additional elk. The "24 Command Fire" in June 2000 temporarily destroyed nearly all of theelk forage on the Arid Lands Ecology Reserve. The herd moved onto unburned private landwest of the Site, to unburned areas in the center of the Hanford Site, and along the Columbia
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River near the 100 B/C and 100 K Areas. Elk have returned to burned areas as the vegetation
recovers (PNNL-6415).

Experienced biologists reported sighting a cougar (Felis concolor) on the Arid Lands Ecology
Reserve during the elk relocation in March 2000, supplementing anecdotal accounts of otherobservations of the presence of a cougar on the Hanford Site (PNNL-6415).

Other mammals common to the 200 Areas are badgers (Taxidea taxus), coyotes (Canis latrans),Great Basin pocket mice (Perognathus parvus), northern pocket gophers (Thomomys talpoides),and deer mice (Peromyscus maniculatus). Badgers are known for their digging ability and havebeen suspected of excavating contaminated soil at 200 Areas radioactive waste sites
(BNWL-1794, Distribution of Radioactive Jackrabbit Pellets in the Vicinity of the B-C Cribs,200 East Area). The majority of badger diggings are a result of searches for food, especially forother burrowing mammals such as pocket gophers and mice. Pocket gophers, Great Basinpocket mice, and deer mice are abundant herbivores in the 200 Areas. These small mammals canexcavate significant amounts of soil as they construct their burrows (e.g., Hakonson et al. 1982,'Disturbance of a Low-Level Waste Burial Site Cover by Pocket Gophers"). Mammals
associated with buildings and facilities include Nuttall's cottontails (Sylvilagus nuttallii), housemice (Mus musculus), Norway rats (Rattus norvegicus), and various bat species.

Common bird species in the study area include the starling (Sturnus vulgaris), homed lark
(Eremophila alpestris), meadowlark (Stttrnella neglecta), western kingbird (Tyrannus verticalis),rock dove (Columba livia), black-billed magpie (Pica pica), and raven (Corvus corax).
Burrowing owls (Athene cunicularia) commonly nest in the 200 Areas in abandoned badger orcoyote holes, or in open-ended stormwater pipes along roadsides in more industrialized areas.Loggerhead shrike (Lanius ludovicianus) and sage sparrow (Amphispiza belli) are common
nesting species in habitats dominated by sagebrush. Long-billed curlews (Numenius
americanus) have been observed nesting on inactive waste sites.

Reptiles common to the study area include gopher snakes (Pituophis melanoleucus) and
sideblotched lizards (Uta stansburiana). Rattlesnakes (Crotalus viridis) also have beenobserved. Reptile sightings are not widespread, with only 23 observations of side-blotched
lizards at 316 sites surveyed during a 2001 Ecological Compliance Assessment Project survey
(Appendix B of DOE/RL-2001-54).

Three of the most common groups of insects include darkling beetles, grasshoppers, and ants.Ants have been known to burrow up to 2.7 m (9 ft) into the vadose zone and to bring
contaminants to the surface.

2.3.3 Species of Concern

The Hanford Site is home to a number of species of concern, but many of these are associatedwith the Columbia River and its shoreline. Two Federally protected species have been observedat the Hanford Site, the Aleutian Canada goose (Branta canadensis leucopareia) and the baldeagle (Haliaeetus leucocephalus). Both depend on the river corridor and rarely are seen in theCentral Plateau. As migratory birds, these species also are protected under the Migratory BirdTreaty Act of 1918.
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Several threatened, endangered, and candidate species are found in and near the 200 Areas.
These species include the ferruginous hawk (Buteo regalis), burrowing owl, loggerhead shrike,
long-billed curlew, and sage sparrow. Plant species of concern (which include those listed as
state endangered, threatened, sensitive, and monitored) that may occur in the study area include
dwarf evening primrose and Piper's daisy (Erigeron piperianus) (WNHP 1998, Washington Rare
Plant Species by County).

Plant and animal species of concern, their designations, and the places of their occurrence can
change over time. At this time, it is not anticipated that remediation of the 200-CW-5,
200-CW-2, 200-CW-4, and 200-SC-I OUs will affect any species of concern, but incorporating
the needs of these species into project planning will help to mitigate any potential effects.
Especially important is avoiding, where possible, undisturbed shrub-steppe habitat because this
is important to many species of concern. The undisturbed shrub-steppe in the Central Plateau
was designated as Level 3 habitat in DOERL-96-32, which requires mitigation of any
disturbance (for example through avoidance and minimization) and possibly rectification and
compensation. More detailed direction on protecting Level 3 habitats and species of concern is
provided in DOERL-96-32. In addition, site-specific environmental surveys, required before
ground disturbance can occur, serve as a final check to ensure that ecological resources are
adequately protected

2.3.4 Cultural Resources

A comprehensive archaeological survey of the 200 Areas found artifacts in conjunction with
areas of high topographic relief and in the vicinity of sources of permanent water, but few
artifacts associated with open, inland flats (PNL-7264, Archaeological Survey ofthe 200 East
and 200 West Areas, Hanford Site, Washington). In the 200 West Area, the only culturally
sensitive area identified is the historic White Bluffs Road that crosses the northwest corner of the
site. The report concluded that additional cultural resource reviews are required only for
proposed projects within 100 m (328 ft) of this road. None of the waste sites associated with the
OUs involved in this FS are within 100 m (328 ft) of this road (PNL-7264).

PNL-7264 addressed only undisturbed portions of the 200 Areas and did not address facilities
and structures. The National Historic Preservation Act of 1966 requires agencies to consult with
the State Historic Preservation Officer and the Advisory Council on Historic Preservation to
ensure that all potentially significant cultural resources, including structures and associated sites,
have been adequately identified, evaluated, and considered in planning for a proposed
undertaking (e.g., remediation, renovation, or demolition) (DOF/RL-97-56, Hanford Site
Manhattan Project and Cold War Era Historic District Treatment Plan).

DOE/RL-97-56 was developed to address these requirements and to determine the eligibility ofhistoric properties for the "National Register of Historic Places" (36 CFR 60). DOE/RL-97-56
evaluated and classified waste sites and structures on the Hanford Site, including those in the
200 Areas, and proposed recommendations for mitigation. Treatment options for mitigation
were determined using 36 CFR 60, Section 60.4, "Criteria for Evaluation." None of the waste
sites in the OUs that are subjects of this FS were recommended for individual documentation ascontributing properties. Sites beginning with "216" (e.g., 216-U-10 Pond, 216-U-14 Ditch) were
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categorized as "noncontributing/exempt properties" (i.e., properties that are exempted from
documentation requirements as potential historic sites) (DOE/RL-97-56). Some sites not
addressed in DOE/RL-97-56, such as UPRs and septic tanks that were not considered to be
significant enough to be evaluated as part of that effort, will be evaluated under site-specific
pre-remediation cultural resource reviews.

No cultural resources have been directly associated with OU waste sites (PNL-7264,
DOE/RL-97-56, PNNL-6415); however, site-specific cultural resource reviews will be required
for each waste site before remediation or other ground-disturbing activities are begun. In
addition to the site-specific review, a cursory field review of plant and animal life may be
conducted in concert with this effort.

2.3.5 Aesthetics, Visual Resources, and Noise

With the exception of Rattlesnake Mountain, land on the Hanford Site generally is flat with little
relief Rattlesnake Mountain, rising to 1,060 m (3,478 It) above mean sea level, forms the
southwestern boundary of the Hanford Site, and Gable Mountain and Gable Butte are the highest
landforms on the Hanford Site itself The view toward Rattlesnake Mountain is visually
pleasing, especially in the springtime when wildflowers are in bloon. Large rolling hills are
located to the west and far north. The Columbia River, flowing across the northern part of the
Site and forming the eastern boundary, generally is considered scenic.

Studies at the Hanford Site on the propagation of noise have been concerned primarily with
occupational noise at work sites. Environmental noise levels have not been extensively
evaluated because of the remoteness of most Hanford Site activities and their isolation from
receptors covered by Federal or state statutes. Most industrial facilities on the Hanford Site are
located far enough away from the Site boundary that noise levels at the boundary are not
measurable or are indistinguishable from background noise levels (PNNL-6415).

2.3.6 Socioeconomics

Activity on the Hanford Site plays a dominant role in the socioecononics of the Tri-Cities andother parts of Benton and Franklin counties. The agricultural community also has a significant
effect on the local economy. Any major changes in Hanford Site activity would potentially
affect the Tri-Cities and other areas of Benton and Franklin Counties. Unless otherwise
specifically cited, data in this section are collected from interviews with the referenced
organization.

The Hanford Site is the largest single source of employment in the Tri-Cities. During fiscal year(FY) 2002, an average of 10,892 employees were employed by the U.S. Department of Energy(DOE) Office of River Protection (ORP) and its prime contractor CH2M HILL Hanford Group,Inc.; DOE-Richland Operations Office and its prime contractor Fluor Hanford, Inc.; Battelle
Memorial Institute; Bechtel Hanford, Inc.; and the Hanford Environmental Health Foundation.
The FY 2002 year-end employment at the Hanford Site was 10,938, up from 10,670 in FY 2001.In addition to these totals, Bechtel National, Inc., and its prime subcontractor Washington GroupInternational employed 3,013 at the end of FY 2002, up from 1,350 at the end of FY 2001. In
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December 2000, ORP awarded a contract to Bechtel National, Inc., to design, build, and start up
waste treatment facilities for the glassification of liquid radioactive waste. According to the
Washington State Labor Market and Economic Analysis, the annual average number of
employees at the Hanford Site is down considerably from a peak of 19,200 in FY 1994, but stillrepresents 15 percent of the 94,000 total jobs in the economy.

In addition to the Hanford Site, other key employers in the area are as follows:

* Energy Northwest
* The agricultural community (including the Lamb Weston food processing plants)* Iowa Beef Processing
" Framatome - Advanced Nuclear Products (formerly Siemens, Inc.). Boise Cascade Corporation, Paper and Corrugated Container Divisions
* Burlington Northern and Santa Fe Railroads.

Tourism and government transfer payments to retirees in the form of pension benefits also areimportant contributors to the local economy.

An estimated total of 147,600 people lived in Benton County and 51,300 lived in Franlin
County during 2002, for a total of 198,900, which is up almost 4 percent from 2000. Accordingto the 2000 Census, population totals for Benton and Franklin Counties were 142,475 and49,347, respectively. Both Benton and Franklin counties grew at a faster pace than Washingtonas a whole in the 1990s. The population of Benton County grew 26.6 percent, up from112,560 in 1990. The population of Franklin County grew 31.7 percent, up from 37,473 in 1990(Census 2001a).

Based on the 2000 census, the 80 km (50-mi) radius area surrounding the Hanford Site had atotal population of 482,300 and a minority population of 178,500.1 The ethnic composition ofthe minority population is primarily White Hispanic (24 percent), self-designated "other andmultiple" races (63 percent), and Native American (6 percent). Asians and Pacific Islanders(4 percent) and African American (3 percent) make up the rest. The Hispanic population residespredominantly in Franklin, Yakima, Grant, and Adams counties. Native Americans within the80 km (50-mi) area reside primarily on the Yakama Reservation and upstream of the HanfordSite near the town of Beverly, Washington. PNNL-6415 provides maps showing distributions ofminority and low-income populations.

'PNNL-6415 shows the total population "within" 80 km as 511,500, which was estimated by a geographicalinformation system from the populations of individual census block groups, the smallest geographic area for whichboth minority and poverty status were estimated in the 2000 Census. The higher number resulted because the totalpopulation of a carsus block group previously was assigned to the 80 km area if any part of the block group laywithin 80 km of the Hanford Meteorological Station in the middle of the Hanford Site. The new estimate splitsboundary block groups to include only those portions within 80 km, which should result in a lower and moreaccurate estimate.
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2.4 WASTE SITE DESCRIPTIONS

This section describes the five selected representative sites for the 200-CW-5 OU,200-CW-2 OU, 200-CW-4 OU, and 200-SC-I OU. Detailed descriptions of these representative
sites are provided to support development of contaminant distribution models, to evaluate risk,and to provide a baseline for implementing the analogous site approach in support of the RI/FSprocess. Data for these sites are presented in DOEIRL-2003-1 1; DOFIRL-2003-64, FeasibilityStudy for the 200-TW-J Scavenged Waste Group, the 200-TW-2 Tank Waste Group, and the200-PW-5 Fission-Product-Rich Waste Group Operable Units; DOE/RL-2002-69, FeasibilityStudy for the 200-CW-1 and 200-CW-3 Operable Units and the 200 North Area Waste Sites; theImplementation Plan (DOERL-98-28); and DOERL-99-66.

Three of the representative sites (216-U-10 Pond, 216-U-14 Ditch, and 216-Z- 1 Ditch) are fromthe 200-CW-5 OU. Two representative sites (216-A-25 Gable Mountain Pond and216-T-26 Crib) are from the 200-CW- 1 and 200-TW-I OUs, respectively. These two sites wereselected because they had adequate site characterization to support an FS and because their wasteinputs were similar to waste received at their analogous sites. The 216-A-25 Gable MountainPond received cooling water and other low-level radioactive effluent from 200 East Areafacilities, including the 207-A North Retention Basin. Therefore, it was a logical choice as arepresentative site for its one analogous site, the 207-A North Retention Basin. The216-T-26 Crib received waste from the T Plant, as did its analogous sites.

2.4.1 Representative Sites

2.4.1.1 216-U-10 Pond

The 216-U-10 Pond was constructed in 1943-1944 in a natural topographic depression to act as aseepage area for infiltration of wastewater from the 216-U-14 and 216-Z Area Ditches. Thepond is located in the southwestern corner of the 200 West Area. The pond later was diked onthe south and west edges, and three overflow trenches were added on the east side in
approximately 1952-53 to increase the pond's capacity. At its maximum extent, including theoverflow trenches, the pond covered an area of roughly 12 ha (30 a). The location of the216-U-10 Pond is shown in Figure 1-2.

In 1985, the pond was deactivated and interim stabilized. Stabilization activities includedscraping contaminated pond sediments from peripheral areas to a depth of 0.3 m (I ft) or moreand placing the sediments in the center of the pond. The peripheral areas were covered with aminimum of 0.6 m (2 ft) of clean soil, and the central pond area was covered with a minimum of1.2 m (4 ft) of clean soil and seeded (DOE/RL-95-106, Focused Feasibility Studyfor the200-UP-2 Operable Unit). In 1990, 0.6 ha (1.5 a) of contaminated soil on the south side of thepond was covered with an additional 0.6 m (2 ft) of clean fill to stabilize surface contamination(DOEIRL-91-58, Z Plant Source Aggregate Area Management Study Report). InNovember 1994, contamination was detected along the south and west perimeters of the pond(about 1 ha [2.5 a]) and was stabilized with soil from the 216-U-Il Borrow Pit.

The 216-U-10 Pond received an estimated 1.65 x 10" L (4.3 x 10" gal) of low-level liquid waste(DOERL-91-58 and DOE/RL-96-8 1). The total inventory of radionuclides discharged to the
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pond system is estimated to include plutonium, uranium, Am-241, Cs-137, and Sr-90
(DOE/RL-96-81). The discharge volume and inventory of the 216-U-14 Ditch and Z-Ditches areincluded in these totals.

2.4.1.2 216-U-14-Ditch

The 216-U-14 Ditch began operating in 1944 to channel effluent to the 216-U-10 Pond. The
ditch was an unlined, open excavation approximately 1.2 m (4 ft) wide at the bottom (with a2.5:1 side slope), 3.1 m (10 ft) deep, and 1731 m (5,680 ft) long. It originated about 500 m(1,600 ft) northwest of U Plant at the 284-WB Powerhouse Pond and terminated at the
216-U- 10 Pond (Figure 1-2). The ditch and the 216-U-10 Pond provided a disposal capability
for low-level radioactive wastewater by infiltration and evaporation.

The contaminant inventory and volume of effluent discharged to the ditch are included with the216-U-10 Pond inventory.

To prevent backups and accumulation of standing wastewater, the ditch was dredged
periodically. Sediments removed during dredging activities were piled on a berm located on thewest bank of the ditch. These sediments were removed and buried in a low-level burial groundin 1979 to reduce the spread of contamination (WHC-EP-0707, 216-U-10 Pond and216-Z-19 Ditch Characterization Studies).

In 1985, the 216-U-10 Pond and a portion of the 216-U-14 Ditch were stabilized with sand andgravel to control surface contamination. After stabilization in 1985, approximately 430 m(1,410 ft) of the ditch length remained active for percolation of effluent. In 1986, an accidentalrelease led to the discharge of approximately 2365 L (625 gal) of reprocessed nitric acid to theditch in less than 1 day. This release occurred during transfer of the acid from a storage tank.The release was diluted with cooling water originating from the 224-UO3 Plant. The residual
effluent stream had a pH of less than 2.0 and contained approximately 39 kg (86 lb) of uranium(Whiting 1988, "Unusual Occurrence Report, Public Information Release").

In 1992, the lower open end of the ditch (westernmost end of the ditch) was partially stabilizedwith an engineered barrier to control surface contamination. The slopes were pushed in,approximately half of the ditch was brought to grade, and the ditch was backfilled with largeboulders and gravel. The remaining open section of the ditch received effluent until April 1995,when it was stabilized by chemically killing all vegetation, consolidating the contaminated soilinto the center of the ditch, and backfilling with clean soil.

2.4.1.3 216-Z-11 Ditch

The 216-Z-1 1 Ditch was the second of three ditches constructed to transfer wastewater from theZ Plant facilities to the 216-U-10 Pond. Beginning in December 1944, the first "Z-Ditch,"currently designated the 216-Z-ID Ditch, received effluent from the 231 -Z Building. The216-Z-ID Ditch was constructed as an unlined, open excavation 1295 m (4,249 ft) long and0.6 m (2 ft) deep, with a bottom width of 1.2 m (4 ft), side slopes of 2.5:1, and a minimum gradeof 0.05 percent (WHC-EP-0707). The original headwall of the 216-Z-lD Ditch was locatedapproximately 60 m (196 ft) east of the 231-Z Building.
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In July 1949, as part of Z Plant construction, a vitreous clay pipeline 45.7 cm (18 in.) in diameterwas installed to replace the upper portion of the 216-Z-ID Ditch, and anew headwall wasconstructed approximately 457 m (1,500 fi) downstrean The abandoned upper portion of theditch was backfilled.

In March 1959, after high levels of plutonium contamination were discovered in the216-Z-1D Ditch, construction began on the 216-Z-1 Ditch as a replacement. The216-Z-1 Ditch was excavated just east of and parallel to the 216-Z-D Ditch and was of similardesign and construction. Material removed during excavation was used to backfill the216-Z-1D Ditch to existing grade. The 216-Z- 1 Ditch merged back into the original216-Z-1D Ditch at the lower end between the 216-U-10 Pond delta region and 16' Streetcrossing. The entire ditch was redesignated as the 216-Z- 1 Ditch. In this configuration, theditch was approximately 797 m (2,615 ft) long, with the upper 36.5 in and lower 202.6 m (120 ftand 665 ft, respectively) in common with the original 216-Z-iD Ditch.

In April 1971, the 216-Z-1 I Ditch was retired and replaced with a third ditch, 216-Z-19. The216-Z-19 Ditch was constructed west of and parallel to the 216-Z-1D and 216-Z- 11 Ditches.During construction of the 216-Z-19 Ditch, contaminated sediments from the upper portion ofthe 216-Z-ID Ditch were inadvertently excavated over an estimated length of 130 m (427 t).This soil was buried in a trench that was excavated parallel to and east of the 216-Z- 11 Ditch.The 216-Z-19 Ditch subsequently was shifted farther west of the original 216-Z-ID Ditch.A temporary alignment resulted in the 216-Z-19 Ditch reentering the existing 216-Z- 11 Ditch touse the culvert beneath 16& Street. In October 1971, a new culvert was installed 15 m (49 ft) tothe west, and the 216-Z-19 Ditch was realigned and continued approximately 305 m (1,000 ft) tothe 216-U-10 Pond. Material excavated during the installation of the 216-Z-19 Ditch was usedto backfill the 216-Z- II Ditch to grade.

In late March 1976, an accidental release of contamination occurred in the 216-Z-19 Ditch, andefforts were made to contain the contaminants in the ditch. A series of three dams wasconstructed at intervals along the upper portion of the ditch. A water sprinkler system wasinstalled between the lowermost dam and the 216-U-10 Pond to prevent this portion of the ditchfrom drying out. In March 1978, the sprinklers were shut down and the dams were removed, butthe remaining surface water infiltrated before reaching the pond. Wastewater was diverted fromthe 216-Z-19 Ditch to the 216-Z-20 Crib shortly afterward.

Deactivation and stabilization of the Z-Ditches began in 1981, following construction of the216-Z-20 Crib as the primary Z Plant wastewater disposal facility. Woody vegetation in the216-Z-19 Ditch was killed with herbicides (glyphosate and dicamba) before backfill operationswere initiated. The 216-Z-19 Ditch was covered with 0.6 to 0.9 m(2 to 3 ft) of clean soil. Theconcrete headwalls, vegetation, and miscellaneous unsalvageable equipment were incorporatedinto the ditch bottom. At the same time, the previously buried 216-Z-ID and 216-Z-11 Ditchesreceived an additional 0.15 to 0.30 m (0.5 to 1.0 ft) of clean fill. The entire Z-Ditch Complexwas reposted as an Underground Radioactive Area.

Information in DOE/RL-96-81 indicates that the 216-Z-ID, 216-Z- 11, and 216-Z-19 Ditchesreceived an estimated 140 g, 8.07 kg, and 140 g of plutonium, respectively, during their periodsof active use. These estimates are based on limited waste-stream discharge sampling collected
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during more than 35 years of continuous operation. No discharge records exist for the period of1961 through 1966. During this time, the Space Nuclear Auxiliary Power program wasoperating in Z Plant and producing purified Np-237 and Pu-238. A cumulative plutoniumrelease quantity of 7.86 kg was reported for the period 1959 through 1967, representing96 percent of the total estimated inventory for the 216-Z-1 1 Ditch (WHC-EP-o707).
Significant uncertainty exists in estimates of plutonium inventory based on waste streamchemistry. Waste effluent sampling likely was performed by alpha count and then converted toplutonium concentrations. This method can significantly overestimate the quantity of plutonium.Conversely, periodic waste stream sampling likely would not reflect intermittent, short-termhigher concentration discharge incidents and, thus, would underestimate the total plutoniumreleased to the ditches.

Soil samples collected in 1959 from the 216-Z-1D Ditch indicated very high plutonium levels inthe ditch. Based on the 1959 sampling data, the results of their Z-Ditch characterization, andinformation obtained when the head end of the 216-Z-1D Ditch mistakenly was unearthed duringexcavation of the 216-Z-19 Ditch, WHC-EP-0707 concluded that the historical plant operationsinventory estimates for the Z-Ditches were erroneous. The conclusion in WHC-EP-07o7 was
that the 216-Z-ID Ditch likely contains from 3 to 10 kg of plutonium, with both the216-Z-1 1 and 216-Z-19 Ditch inventories an order of magnitude lower.

2.4.1.4 216-A-25 Gable Mountain Pond

The 216-A-25 Pond, at 29 ha (71 a) is the largest seepage disposal facility of the Hanford Sitepond network, located I mi south of the west end of Gable Mountain. It was commissioned forservice in 1957 to receive cooling water from PUREX Plant operations. The 216-A-25 GableMountain Pond routinely has received low-level liquid effluents since its inception and receivedwastewater from B Plant, the 242-A Evaporator/Crystallizer, the 244-AR Vault, the East Areapowerhouse, and the A Tank Farm. Between its commissioning in 1957 and decommissioning in1987, the pond received 307,000,000,000 L (81,200,000,000 gal) of liquid mixed waste.Radionuclides present in the waste streams received include Am-241, H-3, Ru-106, Cs-137,Pm-147, Sr-90, and plutonium.

Although the pond has received low levels of radioactivity and chemically contaminated liquideffluents, a single UPR in 1964 resulted in discharge of relatively large quantities of short- andlong-lived fission products. Bentonite clay intentionally was introduced to the pond bottom in anattempt to retain radioactivity in the upper sediment layers. Copper sulfate, to a concentration of3 phm, was added on two occasions to eliminate algae and invertebrate life, thus breakingimportant links in the food chain of migratory waterfowl.

More than 90 percent of the contamination at the 216-A-25 Gable Mountain Pond has beenfound to reside within the upper 5 cm (2 in.) of sediment; however, monitoring wells locatednear the northern shoreline have produced sample results that indicate Sr-90 is in thegroundwater.

Cleanup actions started in 1984. The stabilization was completed in 1988. The pond wasbackfllled with clean pit run soil and cobble to a minimum of 0.6 m (2 ft) above the original
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shoreline. In 1991, there was evidence of another pond that had developed over the old one.The site revegetated after an additional 1 ft of topsoil was spread over the entire backfilled area.
2.4.1.5 216-T-26 Crib

The 216-T-26 Crib is an inactive liquid waste disposal site located 61 m (200 ft) north of22 Street and east of the TY Tank Farm (WHC-MR-0227, Tank Wastes Discha rged Directly tothe Soil at the Hanford Site). The 216-T-26 Crib is fenced within a light chain barricade and
underground contamination warning placards.

Between August 1955 and November 1956, the 216-T-26 Crib received approximately1.2 x 107 L (3.2 x 106 gal) of liquid waste. This waste originated at T Plant as metal waste andfirst-cycle waste that had been recovered through the URP and scavenged at U Plant. The wastethen was transferred back to the TY Tank Farm to allow the sludge to settle; the liquid effluentwas discharged to the 216-T-26 Crib (WHC-SD-EN-TI-014, Hydrogeologic Model ofthe200 West Groundwater Aggregate Area; PNL-6456, Hazard Ranking System Evaluation ofCERCLA Inactive Waste Sites at Hanford).

Crib construction is described as follows. A 36 cm (14-in.) steel inlet pipe reduces to a 25 cm(10-in.) pipe located approximately 3 m (9 ft) below grade. The smaller section of pipe branchesinto four 20 cm (8-in.) steel pipes that feed the large-diameter vertical concrete pipes, which areapproximately 1.2 m (4 ft) long and 1.2 m (4 ft) in diameter. The piping lies within a 9 by9 by 4.6 m (30 by 30 by 15 ft) deep excavation. The base of the crib was placed at 4.6 m (15 ft)below ground surface (bgs), and the excavation was filled with approximately 2.4 m (8 fi) ofgravel followed by approximately 2.4 m (8 ft) of earth backfill.

The crib was deactivated in 1956 by blanking the line leading to the 216-T-26 and216-T-28 Cribs between the TY Tank Farm and the roadway. In 1975, stabilization activitieswere perforned, which consisted of scraping off the top 15 cm (6 in.) of soil and replacing theexcavated material with clean fill to the original grade (WHC-MR-0227). The contaminated soilwas placed in the 200 West Area dry waste burial grounds. The crib was surface stabilized againin May 1990 (WIDS).

Waste disposed of at this unit includes ferrocyanide complexes, fluoride, nitrate, nitrite,phosphate, sodium, sodium aluminate, sodium hydroxide, sodium silicate, sulfate, Cs-137,Ru-106, Sr-90, plutonium, and uranium.

2.4.2 Summary of Data Collection Activities

This section summarizes the data collection activities performed during the 200-CW-5,200-CW-2, 200-CW4, and 200-SC-I OU RI, as well as data collection activities performed atthe two representative sites from the 200-CW-I OU and 200-TW-I OU. This section also coversdrilling, sampling, analysis, and geophysical logging. The following section, "Nature and Extentof Contamination," discusses the analytical results.

The RI for the 200-CW-5, 200-CW-2, 200-CW-4, and 200-SC-I OUs was conducted inaccordance with DOE/RL-99-66 and DOE/RL-2002-24 (200-CW-5 UPond/Z Ditches Cooling
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Water Group Operable Unit Remedial Investigation Sampling and Analysis Plan). The200-CW-2, 200-CWA cooling water, and 200-SC-1 steam condensate OUs are consolidatedwith the 200-CW-5 OU because they received similar waste streams (i.e., cooling water, steamcondensate, or both) and because the contaminant distribution beneath these waste sites isexpected to be similar.

The 200-CW-5 RI focused on characterization of three representative waste sites in the200-CW-5 OU: 216-U-10 Pond, 216-U-14 Ditch, and 216-Z-1 I Ditch. These threerepresentative waste sites originally were identified in DOFIRL-96-81 and the ImplementationPlan (DOE/JRL-98-28). In evaluating the representative sites, the data quality objective processwas applied to determine the data that should be collected to assess site conditions and support
remedial decision making. The 200-CW-5 OU representative waste sites were selected forcharacterization because waste stream inventories, effluent volumes received, and the currentlevel of characterization all suggested that high contaminant inventories are present in thesubsurface beneath these receiving sites.

The RI was conducted from January to October 2002. Efforts consisted largely of drilling asingle borehole (C3808) and performing soil sampling and analysis, geophysical logging, and apipeline investigation at the 216-Z- 11 Ditch representative site. In addition,
boreholes 299-W18-15 and 299-W23-16 were geophysically logged at the 216-U-10 Pond and216-U-14 Ditch, respectively. These efforts are summarized in CP-12134, Borehole SummaryReport for Borehole C3808 in the 216-Z-11 Ditch, 200-CW-5 U-Pond/Z-Ditches Cooling WaterOperable Unit.

Most of the data from the 216-U-10 Pond and 216-U-14 Ditch were collected as part of the200-UP-2 limited field investigation and other activities previously conducted at the HanfordSite. No additional data collection activities were conducted at these sites during the RI with theexception of geophysical logging. Additional data were not collected because BHI-01294concludes that data collected before the RI was performed were sufficient to make remedialdecisions. Locations of characterization boreholes, test pits and other sample locations areshown in Figure 2-2.

This FS also uses two representative sites not contained in the RI for the 200-CW-5, 200-CW-2,200-CW-4 and 200-SC-1 OUs: the 216-A-25 Gable Mountain Pond and the 216-T-26 Crib.
Similar site characterization information for the 216-A-25 Gable Mountain Pond is contained inthe RI for the 200-CW- 1 OU (DOE/RL-2000-35) and the corresponding FS (DOE/RL-2002-69).
Site investigation data for the 216-T-26 Crib is contained in the RI for the 200-TW-1, 200-TW-2,and 200-PW-5 OUs (DOEIRL-2002-42). A summary of data collection activities, as well asdrilling, sampling, analysis, and geophysical logging descriptions, is contained in thecorresponding FS (DOE/RL-2003-64).

2.4.2.1 216-U-10 Pond Characterization

The limited field investigation at the 216-U-10 Pond was performed between August 1993 andAugust 1994. Limited field investigation activities at the 216-U-10 Pond were conducted todetermine the nature and vertical extent of the contamination beneath the pond. The results are
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published in DOE/RJ,-95-13, Limited Field Investigationfor the 200-UP-2 Operable Unit;BHI-00034, Borehole Summary Report for the 200-UP-2 Operable Unit, 200 West Area; andBHI-00033, Surface and Near Surface Field Investigation Data Summary Report for the200-UP-2 Operable Unit. Limited field investigation activities consisted of a surface radiationsurvey, soil and vegetation sampling and analysis, the installation of 10 cone penetrometerpushes, one borehole, a test pit excavation, and geophysical logging. Soil samples werecollected and analyzed for chemicals (i.e., indicator parameters, volatile organic compounds[VOC], semivolatile organic compounds [SVOC], polychlorinated biphenyls [PCB], herbicides,kerosene, and total petroleum hydrocarbon [TPH]), radionuclides, and physical properties(moisture content, porosity, calcium carbonate content, specific gravity, dry density, and soildensity).

2.4.2.2 216-U-14 Ditch Characterization

Eleven boreholes (299-W18-33, 299-W18-250, 299-W18-251, 299-W19-1, 299-W19-21,299-W19-27, 299-W19-91, 299-W19-92, 299-W19-93, 299-W23-16, and 299-W23-17) weredrilled adjacent to the 216-U-14 Ditch to evaluate one or more of the following: perched waterquality, groundwater quality, soil physical properties, and the extent of contamination in thevadose zone during active operations of the ditch. None of these boreholes were drilled throughthe ditch. Soil chemistry data from eight boreholes (299-Wi8-33, 299-W18-250, 299-W18-251,299-Wi9-91, 299-W19-92, 299-W19-93, 299-W23-16, and 299-W23-17) were used to evaluateconditions in the vadose zone. The eight boreholes were logged in 1993 with gross gamma,spectral gamma logging tool, or both, to assess the presence of radionuclides. Physical propertydata were collected from the following five boreholes: 299-W18-33, 299-Wi8-250,299-W18-251, 299-W23-16, and 299-W23-17. The physical properties determined weresaturated hydraulic conductivity, moisture content, porosity, calcium carbonate content, specificgravity, and soil density.

Six test pits were excavated and sampled in the ditch to determine the vertical extent ofradiological and chemical contamination beneath the ditch. The ditch had been interim stabilized(i.e., backfilled to grade). The test pits were excavated to depths of 4.9 to 5.8 m (16 to 19 ft).
Three test pits (216-U-14 WTP-i, WTP-2, and WTP-3) were excavated in conjunction with thebackfilling activity in 1992. Six samples were collected from the three pits. The samples wereanalyzed for Am-241, Co-60, Cs-137, K-40, Pu-238/239, Sr-90, lead-214, and total uranium.
Three additional test pits were excavated and sampled in 1993 (216-U-14 ETP-1, ETP-2, andETP-3). A limited amount of data was available from these additional test pits; however, theresults consist of radiological and nonradiological data Three to six samples were collectedfrom each of the 1993 test pits.

2.4.2.3 Characterization of 216-Z-1D, 216-Z-11, and 216-Z-19 Ditches

A total of 90 sediment grab samples ("mud samples") were collected from the bottom of the216-Z-1D Ditch in 1959 to investigate transuranic surface contamination (WHC-EP-0707).Samples were collected on 30 m (100-ft) centers in groups of three for the entire length of theditch. Nine samples were collected from the 216-Z-1D Ditch. The remaining samples werecollected from the "234-235" Ditch, which may be an alias for the 216-Z-1D Ditch. The nine
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samples collected from the 216-Z-lD Ditch were analyzed for total alpha activity and Pu-239.Sample locations are shown in WHC-EP-0707.

Eight sediment samples were collected from the bottom of the 216-Z-19 Ditch during March andApril 1976 (WHC-EP-0707). The samples were analyzed for K-40, Sr-89/90, Cs-137, Ce-139,Pu-239, Am-241, and Ra-226. Samples were collected along the entire ditch alignment. Onlydescriptive locations are available for these samples (e.g., "west bank head," "U-Pond inlet").
As part of the Rockwell Hanford Operations Environmental Surveillance Program, sedimentsamples were collected from the 216-Z-19 Ditch in 1977, 1978, and 1979 (WHC-EP-0707). Onesediment sample was collected in 1977 and four were collected in both 1978 and 1979. Sampleswere analyzed for a suite of radionuclides including Sr-90, Cs-137, Pu-239/240, and Am-241.Only descriptive locations are available for these samples.

A characterization study was performed to gather surface and near-surface samples from the216-Z-19 Ditch in 1979. The 216-Z-19 Ditch still was in operation at the time of the study andportions of the ditch contained standing water. A total of 246 samples were collected along ninetransects with seven sampling points over the length of the ditch. The transect locations areshown in WHC-EP-0707. Sample intervals generally were 5 to 10 cm (2 to 4 in.) in length, andsamples were collected less than 1.0 m (3 ft) below the ditch bottom.

Laboratory analyses were conducted at the Rockwell Laboratory (onsite) and two offsitelaboratories (Eberline and Environmental Analysis Laboratory). A portion of the samples wasanalyzed using a developmental van (Dev Van IA) with portable gamma detectors. As discussedin WHC-EP-0707, the results from the Dev Van IA analysis method are believed to be unreliablefor low to moderate levels of transuranic contamination. The detector likely was susceptible torecording background "shine" from nearby areas of higher contamination. The effectiveminimum detection limits reported for Pu-239/240 and Am-241 were 2,000 pCi/g and 100 pCi/g,respectively. Only laboratory analyses were used in the RI report (DOE/RL-2003-1 1) toevaluate the concentrations of the radioactive constituents. After the Dev Van IA data areremoved, 201 samples remain for the transect investigation. Samples were analyzed for Cs-137,Pu-239/240, Pu-238, Sr-90, and Am-241. Thirteen additional separate surface grab sampleswere collected from the bottom of the ditch from 16' Street to the delta region entering the216-U-10 Pond to better characterize the lower dry end of the ditch.

Nineteen boreholes were drilled in the vicinity of the Z-Ditches. Two deep monitoring wells(299-W18-177 and 299-WI 8-178) were drilled during March and April 1980 to evaluate thevertical distribution of contaminants. Seventeen shallow exploration wells were drilled betweenFebruary and April 1981 to locate and sample the 216-Z-1D and 216-Z- 1 Ditches, which werebackfilled. Seventy samples were collected from these boreholes and analyzed for Pu-238,Pu-239/240, and Am-241. As with the transect data described earlier, results from theDev Van IA detector are not included in the data set. Figure 2-2 indicates the location of these19 boreholes and boreholes drilled in the upper portion of the 216-Z-ID Ditch.

2.4.2.4 Characterization of the 216-A-25 Gable Mountain Pond

Data from the characterization efforts are presented in the borehole/test pit summary reports andin the 200-CW-1 RI report (DOE/RL-2000-35).
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A total of 16 test pits were excavated and sampled at the 216-A-25 Gable Mountain Pond todetermine the nature and extent of contamination beneath the waste site. Test pits wereexcavated to a maximum depth of 7.5 m(25 fi), using a trackhoe. Soil samples were collecteddirectly from the trackhoe bucket. A single borehole was drilled at the site, to a depth of 11.5 m(37 11). Basalt was encountered at 9.3 m (30.5 ft) and the water table was not encountered at themaximum borehole depth of 11.3 m (37 fi). Sampling was performed for VOCs, SVOCs, PCBs,inorganics, TPHs, general chemistry parameters, and radionuclides.

2.4.2.5 Characterization of the 216-T-26 Crib

Data from the characterization efforts are presented in the borehole/test pit summary reports andin the 200-TW-1 RI report (DOE/RL-2002-42).

Borehole C3102 was drilled and sampled at the 216-T-26 Crib during the 200-TW-1 and200-TW-2 RI. The borehole was drilled through the 216-T-26 Crib from the ground surface tothe water table at depths of approximately 69 m (226 11). The borehole was drilled to betterdefine stratigraphy and to assess the nature and vertical extent of chemical and radiologicalcontamination, as well as the physical properties of the soil beneath these waste sites.
The borehole was drilled using a cable-tool drill rig. The borehole was advanced to total depthusing drive barrels and split-spoon samplers. Split-spoon samplers were used as the primarysampling device for collecting chemical, radiological, and physical property samples; however,the drive barrel occasionally was used to collect moisture samples. The borehole wasdecommissioned with bentonite and cement after reaching total depth, in accordance withWAC 173-160, "Minimum Standards for Construction and Maintenance of Wells."
Soil samples collected from the borehole were screened in the field for indications ofcontamination and to assist with determining discrete sample locations or depths. Samples werescreened for volatile organic contamination, beta-gamma activity, and alpha activity.
Field-screening data can be found in BIH -01606, Borehole Summary Report for Borehole C3102in the 216-T-26 Crib, 200-TW-1 Scavenged Waste Group Operable Unit and B IR-01607,Borehole Summary Report for Boreholes C3103 and C3104, and Drive Casing C3340, C3341,C3342 C3343, and C3344, in the 216-B-38 Trench and 216-B-7A Crib, 200-TW-2 Tank WasteGroup Operable Unit.

Soil samples were collected for chemical and radiological analysis and determination of physicalproperties. Sample collection was guided by the sample schedule in DOE/RL-2000-38,200-TW-i Scavenged Waste Group Operable Unit and 200-TW-2 Tank Waste Group OperableUnit RE/FS Work Plan.

Additional details regarding sampling, analysis, and results at the 216-T-26 Crib, includinggeophysical logging activities, may be found in the RI report for 200-TW-1, 200-TW-2, and200-PW-5 (DOE/RL-2002-42).
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2.5 NATURE AND EXTENT OF
CONTAMINATION

This section describes the nature and extent of contamination at representative sites and atanalogous sites with sufficient data to support risk evaluation in the 200-CW-5 OU,200-CW-2 OU, 200-CW-4 OU, and 200-SC-I OU. Contamination, as defined in this section,includes those constituents that are not essential nutrients and that were detected atconcentrations above Hanford Site background threshold concentrations at the 90'h percentile inDOE/RL-92-24, Hanford Site Background: Part 1, Soil Backgroundifor NonradoactiveAnalytes, and in DOE/RL-96-12, Hanford Site Background: Pan 2, Soil Background forRadionuclides. Ecology 94-115, Natural Background Soil Metals Concentrations in WashingtonState, also was used for background concentrations where no site-specific backgroundconcentrations were available. Comparison to background threshold concentrations wasconducted to eliminate sample detects that represent naturally occurring constituents.Constituents with concentrations above background levels and with no available backgroundconcentrations also were subjected to a screening process against existing regulatory standards.Nonradiological constituents with concentrations above background were compared torisk-based standards in WAC 173-340-745, "Soil Cleanup Standards for Industrial Properties,"and WAC 173-340-747, "Deriving Soil Concentrations for Ground Water Protection," asreported in or calculated in accordance with Ecology 94-145, Cleanup Levels and RiskCalculations under the Model Toxics Con trol Act Cleanup Regulation; CLARC Version 3. 1.Concentrations exceeding risk-based standards are regarded as evidence of contamination andpotential risk, unless information is available that would justify eliminating contaminants fromthe screening process. Nonradiological constituents remaining after the screening processdescribed above are considered potential contaminants of concern (COC) and are evaluatedfurther.

Promulgated soil-based cleanup levels have not been developed for radionuclides; therefore,radionuclided detected above background are considered potential COCs in this section. Theyare evaluated further in the risk evaluation.

Additional details regarding the screening process, including the number of detections, theidentification of essential nutrients, and the comparison of concentrations to backgroundrisk-based standards, are presented in the RI reports (DOE/Rt2000-35, DOE/RL-2002-42, andDOEIRU-2003 1 1).

The following sections present the nature and extent of contamination at each of therepresentative sites. Only the vertical extent of contamination was characterized and is presentedin this section.
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2.5.1 Nature and Extent of Contamination at the
216-U-10 Pond

The following contaminants were detected at the given maximum concentrations from thesurface to a depth of 2. 0 m (6.5 ft):

Cesium-137 3,994 pCi/g Europium-154 12 pCi/g
Americium-241 44 pCi/g Europium-155 1.7 pCi/g
Cobalt-60 16 pCi/g Uranium-233/234 85 pCi/g
Sodium-22 8.2 pCi/g Uranium-238 88 pCi/g
Technetium-99 8.8 pCi/g Uranium-235 1.1 pCi/g
Strontium-90 157 pCi/g Selenium-79 20 pCi/g
Plutonium-238 22 pCi/g Uranium-234 33 pCi/g
Plutonium-239/240 75 pCi/g

Aluminum 31,500 mg/kg Fluoride 23 mg/kg
Antimony 12 mg/kg Sulfate 2,360 mg/kg
Cadmium 9.1 mg/kg Kerosene 76 mg/kg
Chromium 83 mg/kg Uranium 270 mg/kg
Magnesium 8,240 mg/kg Nitrogen in nitrate and nitrite 145 mg/kg

Contaminants were detected throughout the vadose zone beneath the 216-U-10 Pond to amaximum depth of approximately 42.6 m (140 ft), at the base of Cold Creek Interval inborehole 299-W23-231. Maximum contaminant concentrations generally are present near thesurface in the upper 2.0 m (6.5 ft) of the soil column. The depth to the bottom of the pond wasapproximately 2.0 m(6.5 ft) when it was actively receiving effluent. Soils above 2.0 m(6.5 fl)are characterized by material used to fill in the pond during decommissioning efforts, sedimentfrom the bottom of the pond, or both. The concentration of these contaminants generallydecreases with depth beneath the pond bottom. With few exceptions, radionuclides either werenot detected or were detected at concentrations of less than about 2.0 pCi/g at depths greater than2.0 m (6.5 11). The exceptions are Tc-99 (maximum 4.6 pCilg), Sr-90 (maximum 28 pCilg),U-235 (maximum 2.4 pCi/g), Se-179 (maximum 46 pCi/g), and U-234 (maximum 56 pCi/g).
Below 2.0 m(6.5 ft), the following nonradiological contaminants were found: aluminum(12,900 mg/kg), iron (38,000 mg/kg), potassium (21, 100 mg/kg), antimony (13 mg/kg), cobalt(21 mg/kg), cyanide (3 mg/kg), and nitrate/nitrite (126 mg/kg).
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The radionuclide logging system (RLS) was used to evaluate the vertical and lateral extent ofcontamination at the 216-U-10 Pond. Cs-137 and U-235 were the only radionuclides detectedabove screening levels using this method. In boreholes adjacent to the pond, Cs-137 and U-235were detected above screening levels. Cs-137 was present at a concentration of 4.3 pCi/g atapproximately 0.8 m (2.5 ft) bgs. U-235 was detected 73 m (240 ft) bgs at a concentrationof 5 pCi/g.

The contaminants of concern model for the 216-U-10 Pond are shown in Figure 2-6.

2.5.2 Nature and Extent of Contamination at the
216-U-14 Ditch

Soil samples were collected beneath and adjacent to the 216-U-14 Ditch. A combination of twodata sets was used to assess the vertical and lateral extent of contamination. Samples werecollected directly beneath the ditch to a depth of 5.8 m (19 ft). Contamination was detected from2.7 to 5.8 m (9 to 19 ft) bgs. The major zone of contamination is from 2.7 to 3 m(9 to 10 ft) bgs,which corresponds to the ditch bottom. Maximum concentrations of radionuclides in this zonewere as follows:

Cesium-137 2,228 pCi/g
Americium-241 1.6 pCi/g
Cobalt-60 60 pCi/g
Technetium-99 12 pCi/g
Strontium-90 3.2 pCi/g
Plutonium isotopes 10 pCi/g
Uranium isotopes 350 pCi/g

From 3.0 to 5.8 m (10 to 19 if), contaminant concentrations generally decrease with depth, asfollows: Cs-137 (8.3 pCi/g), Am-241 (1.6 pCilg), Sr-90 (5.2 pCi/g), antimony-125 (7 pCi/g),and uranium isotopes (49 pCi/g). Sulfide was reported at a maximum concentration of 40 mg/kgat a depth of 5.5 to 5.8 m(18 to 19 ft).

Below 5.8 m (19 if), K-40 was present at a maximum concentration of 149 pCi/g; Pu-239 at1.4 pCi/g, Ra-226 at 8.4 pCi/g, and Sr-90 at 4.6 pCi/g.

The distribution of contaminants in the ditch also varies along its length. In general,contaminants with large contaminant distribution coefficients, such as Cs-137 and plutoniumisotopes, were detected in higher concentrations near the head end of the ditch just south of19 Street. Contaminants with moderate to low contaminant distribution coefficients, such asSr-90, and uranium, were detected in higher concentrations at the lower end of the ditch. Thecontaminants of concern model for the 216-U-14 Ditch are shown in Figure 2-7.

Antimony was the only metal detected above screening levels. This metal was detected at 3.0 to5.8 m (10 to 19 if) bgs in concentrations ranging between 6.1 and 7.0 mg/kg.
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2.5.3 Nature and Extent of Contamination in the
216-Z-11 Ditch Area *

A summary of the maximum concentrations of contaminants in the Z-Ditches in the zone from
0.6 to 1.2 m (2 to 4 ft) is as follows:

Cesium-137 2.0 pCi/g
Americium-241 3094 pCi/g
Plutonium-238 4,000 pCi/g
Plutonium-239/240 40,000 pCi/g

Following is a summary of the maximum contaminant concentrations found in the zone from
1.2 to 5.3 m (4 to 17.5 11):

Cesium-137 66,000 pCi/g Thorium-230 8.4 pCi/g
Americium-241 7,870,000 pCi/g Radium-226 5,200 pCi/g
Strontium-90 216 pCi/g Nitrite 43 mg/kg
Plutonium-238 5,500 pCi/g total petroleum 27 mg/kg

hydrocarbons
Plutonium-239 780,000 pCi/g Aroclor-1254 52 mg/kg
Plutonium-239/240 13,000,000 pCi/g Aroclor-1260 78 mg/kg

Residual concentrations of pesticides and herbicides used to kill vegetation before backfilling the
ditch were detected 2.3 to 3 m (7.5 to 10 ft) bgs. Aroclor-1254 and Aroclor-1260 were reported
only at this depth and in concentrations of 52 mg/kg and 78 mg/kg, respectively.

Nitrite and TPH exceeded screening levels in soil samples collected from borehole C3808.
Nitrite was detected 3 to 5.3 m (10 to 17.5 f) bgs with the maximum concentration of 43 mg/kg
at a depth of 3 m (10 ft). Concentrations decrease with depth to 5.3 m (17.5 ft). TPH was
detected 3.0 to 3.8 m (10 to 12.5 ft) bgs at a concentration of 27 mg/kg.

Molybdenum is the only inorganic metal that exceeded screening levels in soil samples from
borehole C3808. It was detected 46 to 47 m (152 to 154.5 ft) bgs at a concentration of
0.82 mg/kg.

Borehole C3808 was logged with a small-diameter gross gamma/passive neutron tool and the
RLS to depths of 4.9 m and 68.6 m (16 f and 225 ft), respectively. The gross gamma and
passive neutron detector logging results showed good agreement with the spectral gamma
logging data by identifying a major zone of contamination approximately 2.9 m (9.5 ft) bgs.

The 216-Z- 11 Ditch is aligned close to the 216-Z-19 Ditch and the lower portion of the
216-Z-ID Ditch. These three ditches are discussed collectively in the RI because of the
uncertainty associated with the location of boreholes along these ditches and because they share
common boundaries. Details regarding the sampling of these ditches and attendant uncertainties
are contained in the RI report (DOE/RL-2002-1 1). Contamination in the Z-Ditches begins at a
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depth of about 0.6 m (2 ft). From 0.6 to 1.2 m (2 to 4 ft), there are small amounts of Cs-137 and
Sr-90 and significant (40 nCi/g) quantities of Pu-239/240 and Am-241. From 1-2 to 5.3 m (4 to
17.5 ft), the zone of maximum contamination, Pu-239/240 concentration rises to 13,000 nCi/g
and Am-241 to 7,870 nCi/g. These very high concentrations of transuranics were reported in the
216-Z-19 Ditch and the 216-Z-1D Ditch. Cesium-137 also is present in significant amounts
(66,000 pCi/g). Concentrations of these contaminants decrease with depth. Below 5.3 m
(17.5 ft), transuranic contamination is less than 1 pCi/g. The contaminants of concern model for
the Z-Ditches are shown in Figure 2-8.

2.5.4 Nature and Extent of Contamination at the
216-A-25 Gable Mountain Pond

Clean fill at the 216-A-25 Gable Mountain Pond ranges in thickness from about 4.0 m (13 ft) in
the middle to 0.9 m (3 It) at the edges of the pond. The following maximum concentrations of
contaminants were reported in the zone from the bottom of the clean fill to a depth of 4.6 m
(15 it), which is the most contaminated zone:

Cesium-137 7,180 pCi/g Strontium-90 58.8 pCi/g
Americium-241 <0.2 pCi/g Europium-154 <0.2 pCi/g
Cobalt-60 <0.2 pCi/g Arsenic 33 mg/kg
Plutonium-239/240 <0.2 pCi/g Cadmium 0.3 mg/kg
Technetium-99 <0.2 pCi/g

Below this zone, only Sr-90 (to a maximum concentration of 58.8 pCi/L) and Cs-137 (27 pCi/L)
were found-

The nature and extent of contaminants are described in the 200-CW-1 RI report
(DOE/RL-2000-35). The maximum depth of the field investigation at the 216-A-25 Gable
Mountain Pond was 11.5 m (37 ft) bgs. Stratigraphic units encountered during excavation (in
descending order) consisted of fill material, pond sediments, the Hanford formation
gravel-dominated sequence, and basalt. The top of basalt was encountered at a depth of 9.3 m
(30.5 ft) in borehole B8757. The water table was not encountered at the maximum depth of
11.3 m (37 ft) bgs (2.0 m [6.5 ft] into the basalt). Groundwater in Well 699-53-47B was 10 m
(33 ft) bgs in 1998 (DOE/RL-99-07, 200-CW-1 Operable Unit RI/FS Work Plan and
216-B-3 RCRA TSD Unit Sampling Plan).

The maximum thickness of fill material excavated at the pond is 4.0 m(13 ft) at test pit GP-2.
This cover thins to the east at test pit GP-9 where it is 0.9 m (3 ft) thick and overlies basalt.
Fill material consists mainly of sandy silt to sandy gravel. This fill material was placed over the
pond as part of stabilization activities commonly performed on waste sites. The fill material
consists of clean soil that forms a barrier to intrusion by humans and many biological receptors
and that prevents migration associated with wind and biological intrusion. The original surface
of the pond bottom lies beneath fill material along the long axis of the pond between test pits
GP-3 and GP-16. It also is present in test pits GP-4, GP-6, and GP-12 (Figure 2-9).
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Many of the metal concentrations detected in the pond were near or slightly exceeded
background. Cadmium is the main metal contaminant associated with pond bottom sediments.
PCBs, diesel-range organics, and waste oil compounds were not found at this waste site.

Six SVOCs and six VOCs were detected sporadically in the vadose zone throughout the waste
site. None of the SVOC or VOC concentrations were above the WAC 173-340, "Model Toxics
Control Act - Cleanup," Method B or C cleanup levels for direct contact (see Appendix B for
more details).

Radionuclides detected include Am-241, Cs-137, Co-60, Sr-90, Pu-239/240, Tc-99, and Eu-154.
The greatest level of contamination at the 216-A-25 Gable Mountain Pond typically is detected
and associated with the pond bottom However, strontium contamination extends to a depth of
11.3 m (37 ft). Contaminant concentration decreases with depth below the pond bottom, with
one exception (Sr-90).

Strontium-90 and Cs-137 are the major radiological contaminants at the 216-A-25 Gable
Mountain Pond and were the only contaminants detected at depths greater than 4.6 m (15 ft) bgs
in significant concentrations. The maximum concentrations of Sr-90 and Cs-137 are 58.8 pCi/g
and 7,180 pCi/g, respectively. The maximum activity of Cs-137 was associated with the bottom
of the pond. The distribution of Sr-90 does not appear to correlate with a particular stratigraphic
horizon and was detected throughout the vadose zone at concentrations ranging from not
detected to 58.8 pCi/g. The activities of other radiological contaminants typically were less than
2 pCi/g with few exceptions and commonly were observed at less than 4.6 m (15 It) bgs.

Cesium-137 was the only man-made radionuclide detected in boreholes adjacent to the
216-A-25 Gable Mountain Pond. Activities ranged between 0.25 and 0.4 pCi/g and typically
occurred less than 1.1 m (3.5 ft) bgs. However, a single detection occurred in borehole
699-55-50D at a depth of 1.8 m (59.5 ft).

The contaminants of concern model for the 216-A-25 Gable Mountain Pond are shown in
Figure 2-10. The results of the 200-CW-1 RI (DOE/RL-2000-35) at the 216-A-25 Gable
Mountain Pond suggest the following.

- During operation, this waste site was a major area of infiltration.

* Effluent has percolated across the thickness of the vadose zone, as determined from the
volume of effluent discharged and the distribution of Sr-90.

* The vadose zone is less than 15 m (50 ft) thick and consists of the gravel-dominated
sequence of the Hanford formation.

- Cesium-137 and Sr-90 are the highest-activity contaminants identified at the pond.

* Higher levels of Cs-137 (7,180 pCi/g) are detected near the bottom of the pond;
concentrations decrease with depth below the pond bottom The maximum vertical
extent of Cs-137 contamination is about 7.6 m(25 ft).
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* Strontium-90 was detected throughout the vadose zone. The maximum concentration of
58.8 pCi/g was detected at a depth of (17.5 ft). Concentrations generally decrease with
depths greater than 5.3 m (17.5 ft) bgs. Very low levels of contamination (0.5 pCi/g)
were detected along the margin of the pond.

* Groundwater has been impacted by discharges to the pond, most notably a UPR of
7,500 Ci of Sr-90 in 1964 (UPR-200-E-34). A Sr-90 groundwater plume currently is
located on the northeast side of the pond. The plume shows virtually no movement
because the water table is very flat. The plume, which had a maximum concentration of
1,210 pCi/L in 2001, is not expected to move beyond its current location.

. The site no longer receives effluent and has an existing soil cover consisting of sand and
gravel that ranges from 0.9 to 4 m (3 to 13 ft) thick.

2.5.5 Nature and Extent of Contamination at the
216-T-26 Crib

The location of the 216-T-26 Crib within the 200 West Area is shown in Figure 2-11.
A geological north-south cross section through the 216-T-26 Crib site is provided in Figure 2-12.
Most notably, the Cold Creek unit (formerly the Pilo-Pleistocene unit) thins from approximately
13.5 m (45 ft) at the north extreme of the cross section to approximately 6 m (20 ft) at the
southern end. The following maximum concentrations of contaminants were reported in the
zone from 5.5 to 11 m (18 to 36.5 ft):

Cesium-137 47,900 pCi/g Uranium-238 21 pCi/g
Americium-241 227 pCi/g Uranium-233/234 18 pCi/g
Strontium-90 49,100 pCi/g Bismuth 198 mg/kg
Europium-154 62 pCi/g Fluoride 168 mg/kg
Europium-155 85 pCi/g Nitrate 255 mg/kg
Plutonium-2391240 6,320 pCi/g Phosphate 13 mg/kg
Plutonium-238 35 pCi/g Total uranium 61 mg/kg

Other than phosphate, contamination was not detected in soil samples from the surface to a depth
of 5.5 m (18 ft) bgs at the 216-T-26 Crib. The main zone of radioactive contamination extends
from 5.5 to 11 m (18 to 36.5 ft) bgs. This zone is associated with the effluent release point at the
waste-site bottom (i.e., contact between the backfill and the gravel-dominated sequence of the
Hanford formation) and extends to the approximate top of the sand-dominated sequence of the
Hanford formation. The maximum Cs-137 concentration occurs at the top of this zone and
generally decreases to 11 m (36.5 It); however, the maximum concentrations of most
contaminants occurred in the lower portion of this contaminated zone 10.4 to 11 m (34 to
36.5 ft) bgs.

The 11 to 24.7 m (36.5- to 94.5-ft) zone contains Co-60 (<0.1 pCi/g), K-40 (18 pCi/g), Tc-99
(1.6 to 4.9 pCi/g), tritium (260 to 2650 pCi/g), total uranium (<10 mg/kg), and actinide decay

2-32



DOE/RL-2004-24 DRAFT A

daughters (Ra-226 and -228). The lower portion of this zone is the approximate top of the Cold
Creek unit. Only Tc-99 (2.4 pCi/g) and tritium (3.8 pCi/g) were detected greater than 28.8 m
(94.5 fl) bgs. Significant reduction in the levels of contamination is associated with the top of
the sand-dominated sequence of the Hanford formation and the Cold Creek unit.

Nonradiological contaminants found in the zone from 11 to 24.7 m (36.5 to 94.5 ft) were
ammonia (115 mg/kg), cyanide (8 mg/kg), fluoride (86 mg/kg), nitrate (3070 mg/kg), nitrite
(48 mg/kg), and total uranium (9.5 mg/kg).

Below 24.7 m (94.5 ft), nitrate (660 mg/kg), Tc-99 (2.4 pCi/g), and tritium (3.8 pCi/g) were
detected.

Cesium-137 was detected with the RLS from the top of the waste zone 5.5 m (18 f) to a depth of
39 m (128 ft) bgs. Log data indicate that most of the Cs-137 was detected from 5.5 to 27.7 m
(18 to 91 ft) bgs and is distributed deeper in the vadose zone toward the south end of the site.
Contamination extends laterally beyond the 216-T-26 Crib boundary to the south. The
contaminant profile suggests that little contamination is spreading to the north. The lateral and
vertical extents of Cs-137 contamination detected in boreholes C3102, 299-WI 1-70, and
299-Wi 1-82 with the RLS are shown in the 200-TW-1 RI report (DOE/RL-2002-42). The
contaminants of concern model for the 216-T-26 Crib are shown in Figure 2-13.

2.6 EVALUATION OF ANALOGOUS WASTE
SITES

DOE/RL-96-81 describes the grouping of 200 Areas waste sites based on process. Sites that
received waste associated with a certain process were grouped by waste category (e.g., cooling
water). The waste categories then were grouped based on more specific process details
(e.g., 200-CW-2: S Ponds and Ditches Cooling Water Group, 200-CW-4: T Ponds and Ditches
Cooling Water Group, 200-CW-5 U-Pond/Z-Ditches Cooling Water Group, and
200-SC-01: Steam Condensate Group). This streamlining approach was implemented to reduce
the amount of characterization and evaluation required to support remedial action
decision making. Application of the concept takes into account similarities between waste sites
such as waste stream type, discharge history, and geology, as well as the available
characterization data, to assess the nature and extent of contamination. The concept builds on
the knowledge gained from the characterization of a few waste sites (representative sites) that are
indicative of worst case and typical OU conditions. Selection of representative sites generally is
based on waste stream inventory, the volume of effluent discharged, and the knowledge gained
from previous characterization efforts perforned before the RI.

2.6.1 Assignment of Analogous Sites

This section contains the rationale used to align potential analogous waste sites to the
representative sites and other characterized waste sites. Key to the logic is the comparison of the
characteristics of representative and potential analogous sites as well as the identification of
potential remedial alternatives that may apply. Important considerations of the physical system
include the following:

2-33



DOE/RL-2004-24 DRAFT A

* Waste stream received
* Volume of effluent received in relation to the available pore volume for the waste site
. Types and amounts of contaminants received; contaminant inventory
* Waste site size
* Waste site configuration and construction (e.g., crib, trench, UPR)
" Expected distribution of contaminants/nature and extent of contamination
* Neighboring waste sites, structures, or utilities
* Geologic setting
* Potential for hydrologic and contaminant impacts to groundwater.

Figure 2-14 shows the process for evaluating the analogous sites against the representative sites
for the RI/FS process through the confirmatory and design sampling processes. The rationale for
assigning each waste site to a representative site is presented in Table 2-2.

2.6.2 Analogous Site Groupings

The waste sites included in the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and
200-SC-I OU represent 4 of the 23 process-based OUs in the 200 Areas. Based on the
analogous group assignment criteria above, five analogous groups have been developed for this
FS. Table 2-2 provides a list of the representative sites and analogous sites assigned to each
representative site and supporting information for determining how an analogous site compares
to the representative site.

The ponds and ditches associated with the 200-CW-2 OU are located south and southwest of the
200 West Area fence line. Cooling water from REDOX (S Plant) percolated through several
ponds and ditches. The 200-CW-4 Ponds and Ditches are located in the north end of the
200 West Area. Cooling water from the T Plant percolated through several ponds and ditches.
Waste sites in the 200-CW-5 OU received cooling water waste liquid from a number of U Plant
and Z Plant facilities located inside the 200 West Area fence line and other facilities, such as the
laundry facility located on the east side of the 200 West Area. The 200-CW-CS-1 group
encompasses a wide variety of processes in the 200 East and 200 West Areas that generated
steam condensate waste. Volumes varied considerably, a function of the process and its
longevity. This OU consists of cribs, retention basins, UPRs, and pipelines that received or
transported steam condensate from a number of the large processing facilities in the 200 Areas.
Large volumes of steam were required to heat or boil process chemistry for effective chemical
reactions at REDOX, PUREX, the URP at U Plant, and the isotope recovery programs at B Plant.
These sites tend to have significant radiological inventories due to failures or leaks in
heating coils.
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2.6.2.1 216-U-10 Pond and Analogous Waste Sites

The 216-U-10 Pond has been selected as a representative waste site for the following analogous
sites:

216-S-16P Pond 216-B-55 Crib

216-S-17 Pond 216-S-172 Control Structure

216-T-4A Pond 2904-S-160 Control Structure

216-T-4B Pond 2904--170 Control Structure

216-U-9 Ditch 2904-S-171 Control Structure

216-U-1I Ditch 207-S Retention Basin

216-S-5 Crib 216-B-64 Retention Basin

216-S-6 Crib 200-- 113 Process Sewer

216-A-6 Crib UPR-200-E-19

216-A-30 Crib UPR-200-E-21

216-S-25 Crib UPR-200-E-29

216-A-37-2 Crib UPR-200-W-124

Table 2-2 provides a detailed comparison of the representative site and its analogous sites. This
table indicates the type and level of contamination; amount of waste received at each site, where
known; available soil pore volume; and rationale for inclusion of the analogous site(s). The
following general discussion of the rationale for assigning the 216-U-10 Pond as a bounding site
for this group of analogous waste sites includes this additional information:

1. Depth of waste discharge: In boreholes adjacent to the pond, Cs-137 and U-235 were
detected above screening levels with Cs-137 (4.3 pCi/g) at approximately 0.8 m
(2.5 ft) bgs and U-235 (5pCi/g), detected 73 m (240ft) bgs. Within the pond, Cs-137
was detected at 440 pCi/g decayed to 366 pCi/g (in 2002) in the pond bottom to 3 m
(Oft to lOft) bgs. Soil samples indicate that the average concentration of Cs-137 is
337 pCi/g. Comparison of the two data sets indicates good correlation between the
logging and laboratory data.

The depth of waste discharge at the four analogous ponds (216-S-16P, 216-S-17, 216-T-4A, and
216-T-4B) is expected to be similar to the 216-U-10 Pond. These are all relatively shallow (to
1-8 m [6 It]) unlined ponds.

The two ditches (216-U-9 and 216-U-11) also are relatively shallow (to 1.5 m [5 It]) and unlined,
so the depth of waste discharge is expected to be similar to the 216-U-10 Pond.

The seven cribs (216-S-5, 216-S-6, 216-A-6, 216-A-30, 216-S-25, 216-A-37-2, and 216-B-55)
are deeper (to 6.4 m [21 ft]), so depth of waste discharge is deeper than at the 216-U-10 Pond.
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The four control structures (216-S-172, 2904-S-160, 2904-S-170, and 2904-S-171) are
underground concrete structures and extend to a depth of 3.0 m (10 ft), so depth of waste
discharge is somewhat deeper than at the 216-U-10 Pond.

The two retention basins (207-S and 216-B-64) are concrete structures extending to a depth of
4.6 m (15 ft), so depth of waste discharge is somewhat deeper than at the 216-U-10 Pond.

The 200-E-1 13 Process Sewer is a steel pipe buried 2.4 m (8 ft).

The four UPRs (200-E-19, 200-E-21, 200-E-29, and 200-W-124) are surface spills.

2. Expected distribution of contaminants: Contaminants were detected beneath the
216-U-10 Pond to a maximum depth of about 42.6 m (140f). Maximum contaminant
concentrations generally are present near the surface in the upper 2.0 m (6.5ft) of the
soil column. The depth to the bottom ofthe pond was about 2.0 m (6.5ft) when it was
actively receiving effluent. Soils above 2.0 m (6.5ft) are characterized by material used
to fill in the pond during decommissioning efforts, sediment from the bottom of the pond,
or both. Cesium-137, Sr-90, Se-79, Pu, and Uare the predominant radionuclides
detected from the surface to the bottom of the pond with concentrations generally
decreasing with depth beneath the pond bottom. With few exceptions, radionuclides
either were not detected or were detected at concentrations of less than about 2.0 pCi/g
at depths greater than 2.0 m (6.5ft).

The distribution of contaminants at the four analogous ponds (216-S-16P, 216-S-17, 216-T-4A,and 216-T-4B) is expected to be similar to the 216-U-10 Pond. These are all relatively shallow
(to 1.8 m [6 ft]) unlined ponds.

The two ditches (216-U-9 and 216-U-11) are also relatively shallow (to 1.5 m [5 ft]) and unlined,
so the distribution of contaminants is expected to be similar to the 216-U-10 Pond. The ditches
received only overflow and were operated for a much shorter period of time, so it is possible that
contaminants did not saturate the soil to the same depths as at the 216-U-10 Pond.

The seven cribs (216-S-5, 216-S-6, 216-A-6, 216-A-30, 216-S-25, 216-A-37-2, and 216-B-55)
are deeper (to 6.4 m [21 ft]). Because contamination at the 216-U-10 Pond is found much deeper
than the point of discharge, it is likely that a similar distribution occurs at the cribs.

The four control structures (216-S-172, 2904-S-160, 2904-S-170, and 2904-S-171) are
underground concrete structures and extend to a depth of 3.0 m (10 ft). Waste discharge
volumes were lower than at the 216-U-10 Pond, so soils were not likely saturated very much
below the point of discharge. It is possible that contaminants did not migrate as far down as at
the 216-U-10 Pond.

The two retention basins (207-S and 216-B-64) are concrete structures extending to a depth of
4.6 m (15 ft). Because the only waste discharge was leakage, it is possible that contaminants did
not migrate as far down as the 216-U-10 Pond.
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The 200-E-113 Process Sewer is a steel pipe buried 2.4 m (8 ft). Because the only waste
discharge was leakage, it is possible that contaminants did not migrate as far down as at the
216-U-10 Pond.

The UPRs are surface spills. It is unlikely that contaminant distribution at these sites is similar to
the 216-U-10 Pond.

2.6.2.2 216-U-14 Ditch and Analogous Sites

The 216-U-14 Ditch has been selected as a representative waste site for the following analogous
sites:

216-S-16D Ditch 200-W-88 Process Sewer
216-T-1 Ditch 200-W-102 Process Sewer
216-T-4-lD Ditch UPR-200-W- 11
216-T-4-2 Ditch UPR-200-W-112

216-W-LWC Crib 207-T Retention Basin
207-U Retention Basin 216-T-12 Trench
200-W-84 Process Sewer

Table 2-2 provides a detailed comparison of the representative site and its analogous sites. This
table indicates the type and level of contamination; amount of waste received at each site, where
known; available soil pore volume; and rationale for inclusion of the analogous site(s). The
following general discussion of the rationale for assigning the 216-U-14 Ditch as a bounding site
for this group of analogous waste sites includes this additional information:

1. Depth of waste discharge: Soil data indicate that most of the contamination in the
216-U-14 Ditch is in a 2.7 to 5.8 m (9- to 18.5-ft) zone. RLS data indicate that
contamination adjacent to the crib may extend to a depth of about 27.4 m (90ft) bgs.

The depth of waste discharge at the four analogous ditches (216-S-16D, 216-T-1, 216-T-4-1D,
216-T-4-2) is similar to the 216-U-14 Ditch. The 216-U-14 Ditch is a 3.0 m (10 ft) deep unlined
ditch. The four analogous ditches range in depth from 0.9 in (3 ft) to 3.0 m (10 ft).

The 216-W-LWC Crib is 5.8 w (19 ft) deep, so the depth of waste discharge is deeper than at the
216-U-14 Ditch.

The 207-U Retention Basin Retention basin is 2 m (6.5 ft) deep. The depth of the
207-T Retention Basin is assumed to be similar. Therefore, the depth of waste discharge is
similar to the 216-U-14 Ditch.

The three analogous process sewers (200-W-84, 200-W-88, 200-W-102) are all shallow (0.6 m
[2-ft]) pipelines and therefore the depth of waste discharge is shallower than at the
216-U-14 Ditch.
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The two UPRs (200-W-111 and 200-W-112) are both trenches 3.0 m (10 ft) deep. Therefore, thedepth of waste discharge is similar to the 216-U-14 Ditch.

2. Expected distribution of contaminants: Available data indicate maximum concentrationsat 5.8m (19ft) are 8.3pCi/gfor Cs-137, 0.3 9pCi/gforPu isotopes (0.39), 1.6pCi/gforAm-241, and 7pCi/gfor U. Strontium-90 also was detected (between 0.81 and5.2pCi/g) beneath the ditch. Maximum concentrations for Sr-90 typically were detected
from 3.6 to 4.5 m (12 to 15ft) bgs.

Distribution of contaminants from the analogous sites is expected to be less than the216-U-14 Ditch, because they sent waste to the 216-U- 14 Ditch (except the UPR sites that aresludge disposal sites from the 207-U Retention Basin and the 216-W-LWC Crib, which receivedlow-activity laundry waste).

Distribution of contaminants is expected to be similar for the 216-S-16D Ditch.

2.6.2.3 216-Z-11 Ditch and Analogous Waste Sites

The 216-Z-1 Ditch has been selected as a representative waste site for the following analogoussites:

* 216-Z-1D Ditch
*216-Z-19 Ditch

* 216-Z-20 Crib
* 200-Z Retention Basin
* UPR-200-W- I10.

Table 2-2 provides a detailed comparison of the representative site and its analogous sites. Thistable indicates the type and level of contamination; amount of waste received at each site, whereknown; available soil pore volume; and rationale for inclusion of the analogous site(s). Thefollowing general discussion of the rationale for assigning the 216-Z- I Ditch as a bounding sitefor this group of analogous waste sites includes this additional information:

1. Depth of waste discharge: Contamination was detected beneath the 216-Z-1 Ditch to12 m (40ft) bgs. Maximum concentrations are present from 2.3 to 5.3 m (7.5 to 17.5f).Contaminants associated with Z-Ditch effluents were not detected below 12.2 m (40ft).Depth of waste discharge is expected to be similarfor the analogous sites.

Documentation does not indicate contamination extended outside of the 207-Z Retention Basin;therefore, waste is not expected below the 2 0 7-Z-Retention Basin.

2. Expected distribution of contaminants: Americium-241 and Pu were the predominantcontaminants detected at the ditch bottom, approximately 2.3 to 2.6 m (7.5 to 8.Sft) bgswith concentrations of 468 pCi/g and 2,780pCi/g, respectively. Maximumconcentrations of Am-241 (9 19pCi/g) and Pu (4,840pCi/g) were detected about 1.2 m(4ft) beneath the bottom of the ditch at a depth of 3.7 m (12ft) bgs. This zone ofcontamination may represent the bottom of the 216-Z-ID Ditch.
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Distribution of contaminants is expected to be similar for the analogous sites.

Documentation does not indicate contamination extended outside of the 207-Z Retention Basin;therefore, waste is not expected below the 2 07-Z-Retention Basin.

2.6.2.4 216-A-25 Gable Mountain Pond

The 216-A-25 Gable Mountain Pond has been selected as the representative site for the207-A North Retention Basin.

Table 2-2 provides a detailed comparison of the representative site and its analogous sites. Thistable indicates the type and level of contamination; amount of waste received at each site, whereknown; available soil pore volume; and rationale for inclusion of the analogous site(s). Thefollowing general discussion of the rationale for assigning the 216-A-25 Gable Mountain Pondas a bounding site for this group of analogous waste sites includes this additional information:

1. Depth of waste discharge: The greatest level of contamination at the 216-A-25 GableMountain Pond typically is detected and associated with the pond bottom. However,strontium contamination extends to a depth of 11.3 m (37ft). Contaminant concentration
decreases with depth below the pond bottom, with one exception (Sr-90).

Strontium-90 and Cs-137 are the major radiological contaminants at the 216-A-25 GableMountain Pond and were the only contaminants detected at depths greater than 4.6 m (15 ft) bgsin significant concentrations.

A review of associated documentation does not indicate contamination spread outside of the207-A North Basin.

2. Expected distribution of contaminants: The maximum concentrations of Sr-90 andCs-137 are 58.8 pCi/g and 7,180pCi/g, respectively. The maximum activity of Cs-137was associated with the bottom ofthe pond. The distribution of Sr-90 does not appear tocorrelate with a particular stratigraphic horizon and ws detected throughout the vadosezone at concentrations ranging from not detected to 58.8 pCi/g. The activities of otherradiological contaminants typically were less than 2 pCi/g with few exceptions andcommonly were observed at less than 4.6 m (15ft) bgs.

A review of associated documentation does not indicate contamination spread outside of the207-A North Basin.

2.6.2.5 216-T-26 Crib and Analogous Waste Sites

The 216-T-26 Crib has been selected as a representative waste site for the following analogoussites.

- 216-T-36 Crib
* 200-W-79 Pipeline.
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Table 2-2 provides a detailed comparison of the representative site and its analogous sites. This
table indicates the type and level of contamination; amount of waste received at each site, where
known; available soil pore volume; and rationale for inclusion of the analogous site(s). The
following general discussion of the rationale for assigning the 216-T-26 Crib as a bounding site
for this group of analogous waste sites includes this additional information:

1. Depth of waste discharge: Soil data indicate most of the contamination in the
216-T-26 Crib is in a 5.6 m (18.5-ft) zone below the bottom ofthe crib at 5.5 m (18ft).
RLS data indicate that contamination adjacent to the crib may extend to a depth of about
27.4 m (90ft) bgs.

Depth of waste discharge for the 216-T-36 Crib is expected to be significantly lower, because
volume discharged was 4 percent of the 216-T-26 Crib volume and did not exceed pore volume.
The 200-W-79 Pipeline inventory is included in the 216-T-36 Crib inventory.

2. Expected distribution of contaminants: Most of the contamination detected in the
216-T-26 Crib is within a 5.6 m (18.5-f) zone extending from the bottom of the crib at
5.5 to 11 m (18 to 36.5ft). The maximum concentration of Cs-137 is 47,900 pCilg; the
maximum concentration of Sr-90 is 49,100 pCilg. With the exception of Tc-99 and
nitrate, little contamination ws detected greater than 11 m (36.5ft) bgs. The maximum
Tc-99 concentration below 11 m (36.5ft) is 4.9 pCi/g.

Distribution of contaminants is expected to be lower for the 216-T-12 Trench, based on the form
of material disposed (sludge vs. liquid).

Distribution of contaminants for the 216-T-36 Crib is expected to be significantly lower, because
volume discharged was 4 percent of the 216-T-26 Crib volume and did not exceed pore volume.
The 200-W-79 Pipeline inventory is included in the 216-T-36 Crib inventory.

The effluent volume discharged and the form of material disposed suggest minimal impact to
groundwater is expected for the 216-T-12 Trench.

2.7 SUMMARY OF RISK ASSESSMENT

The risk assessment performed for this feasibility study (FS) addresses human receptors,
ecological receptors, groundwater protection, and potential intruders to support remedial
recommendations discussed in Chapter 8.0. A summary of these assessments and their use in theFS are as follows.
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Section in whichRisk Scenario or Elemnt FS Application* Detail Discussion
is Provided

Industrial land-use Supports setting cleanup 2.7.2scenario levels

Ecological assessment

Groundwater protection
assessment

For information and
comparison purposes to
support decision making

For information and
comparison purposes to
support decision making

2.7.3

2.7.4

Comments

Conceptual exposure modelformulated for shallow zone soils,0 to 4.6 m (0 to 15 ft)
Screening-level ecological risk
assessment perfrmed. Compares
contaminants in shallow zone
soils, 0 to 4.6 m (0 to 15 11) with
concentration protective of
terrestrial populations

Screing-level and detailed
analysis perforned (if indicated
by screening-level analysis) for
deep--zone soils (zero to wate
table)

Intruda scenario For information and 2.7.5 Risk to a future (150 years fromcomparison purposes to preset) potential intruder ar
support decision making calculated

*"Consens Advice #132: Exposure Scenarios Task Force on the 200 Area" (Klein eta]. 2002), and Reportof the Exposure Scenarios Task Force (HAB 2002).

A common requirement in the assessments is a conceptual exposure model. The conceptual
exposure model is formulated according to EPA/540/R-99/005, Risk Assessment Guidancefor
Superfund, Volume I: Human Health Evaluation Manual (Part E, Supplemental GuidanceforDermal Risk Assessment) Interim, with the use of professional judgment and information oncontaminant sources, release mechanisms, migration routes, potential exposure points, potentialexposure pathways, and potential receptor groups associated with the site.

An exposure pathway can be described as the physical course that a contaminant of potentialconcern takes from the point of release to the receptor. Contaminant intake is the means bywhich a contaminant of potential concern enters a receptor. For an exposure pathway to becomplete, all of the following components must be present:

* A contaminant source

* A mechanism of contaminant release and transport

" An exposure point (i.e., a location where people or wildlife can come into contact withthe contaminants)

" An exposure route

" A receptor or exposed population.
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In the absence of any one of these components, an exposure pathway is considered incomplete
and, by definition, no risk or hazard exists. The conceptual exposure model for the waste sites ispresented in Figure 2-15.

Based on the current understanding of land-use conditions at and near the site, the most plausibleexposure pathway for characterizing human health risks is the industrial land-use scenario. Theindustrial land-use scenario is the baseline for evaluation in this FS as agreed by the Tri-Parties(DOE, U.S. Environmental Protection Agency, and Washington State Department of Ecology)(Section 2.7. 1, item 6).

Exposure assumptions and methodology used for developing the WAC 173-340 Method B andMethod C direct-contact cleanup levels under the residential and industrial land-use scenarios areprovided in WAC 173-340-740, "Unrestricted Land Use Soil Cleanup Standards," andWAC 173-340-745, respectively. The residential scenario is not considered in this FS. Inaddition, a Native American scenario is not considered because the land use inside the core zonedoes not include a subsistence scenario.

For the purposes of the risk assessment, the point of compliance for shallow-zone soils is definedas 0 to 4.6 m (0 to 15 ft) bgs. The point of compliance is evaluated using soil samples collectedin this zone and is applicable to the industrial use and ecological scenarios. This depth range is areasonable estimate of the depth of soil that could be excavated and distributed to the surface as aresult of development activities. This depth range also is greater than the maximum expecteddepth of intrusion by biota. The point of compliance for deep-zone soils is defined as thosesamples collected throughout the soil profile and used to evaluate the protection of groundwaterpathways and potential intruders.

The risk assessment for radiological constituents was performed using the Residual Radiationcode (RESRAD) Version 6.1 analysis (ANIJEAD-4, User's Manualfor RESRAD, Version 6).The RESRAD model was used to obtain risk and dose estimates from direct-contact exposure toradiological constituents present in the shallow zone. The RESRAD model also was used toobtain risk and dose estimates for protection of the groundwater pathway based on contaminantsin the deep zone. The results obtained from the RESRAD model for the groundwater protectionmodel are limited to screening purposes only. Additional analyses were performed in RI reportsusing the Subsurface Transport Over Multiple Phases (STOMP) code (PNNL- 11216, STOMPSubsurface Transport Over Multiple Phases Theory Guide) to evaluate fate and transport ofcontaminants in the vadose zone to the groundwater. The STOMP-code modeling is presented inDOE/RL-2003-11. The detailed analyses with the STOMP are summarized in Section 2.7.4.3.
Evaluation of the radiological constituents in shallow-zone soil (for the direct-contact exposurepathways) was conducted using two different methods. The first evaluation method isconsidered representative of current site conditions, because it accounts for the existing cleancover over the waste site (i.e., clean covers have been placed over many waste sites as a part ofthe surveillance and maintenance program of stabilizing waste sites to prevent intrusion into andmigration of contaminants from the sites). The shielding effects of the clean cover influence theresulting dose and risk estimates. The results of evaluation using this method are provided inSection 2.7.2 and Appendix C, Tables C-12 and C-13.
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The second evaluation method is considered representative of worst-case conditions; it assumes
that no clean cover is present over the top of the representative waste site (i.e., the
exposure-point concentration is representative of the entire shallow zone). Under current andfuture site conditions, onsite industrial workers potentially could be exposed to shallow-zonesoils from the site. The results of evaluation using this method are provided in Section 2.7.2 andAppendix C, Tables C-10 and C- 1.

The industrial land-use scenario assumes that no groundwater from the waste site will be usedfor drinking purposes. Standard WAC 173-340 Method C soil cleanup levels for nonradiologicalconstituents consider exposure through the direct-contact pathway (incidental soil ingestion anddermal contact) and inhalation of dust and vapors in ambient air. However, standard Method Bequations include incidental soil ingestion as the only potential direct-contact route of exposure.For radiological constituents, potential routes of exposure to shallow-zone soil include externalgamma radiation, incidental soil ingestion, and inhalation of dust particulates. Exposure
estimates for current and fiuture industrial workers to nonradionuclides are based on standard andconsistent assumptions documented throughout Section 2.7 and in Appendix C.

Because constituents are present in the soil column, the protection of groundwater from theseconstituents is evaluated in the risk assessment considering the deep zone, which is the soilthickness from ground surface to the water table. As noted earlier, groundwater at the waste sitesis not used for drinking water purposes. However, exposure assumptions are provided for thegroundwater ingestion pathway for evaluating the groundwater protection pathway. Theexposure assumptions and methodology used for deriving soil concentrations for groundwater
protection are provided in WAC 173-340-747. Soil concentrations of nonradiological
constituents protective of groundwater cleanup levels were calculated for the residential andindustrial land-use scenarios. For radiological constituents, future impacts to the groundwateringestion pathway were evaluated.

2.7.1 Tri-Parties Framework

The Tri-Parties developed a framework for risk assessments in the 200 Areas Central Plateau.This process included a series of workshops with representatives from the Tri-Parties, HanfordAdvisory Board (HAB), Tribal Nations, the State of Oregon, and other interested stakeholders.The workshops focused on the different programs involved in activities in the 200 Areas CentralPlateau and the need for a consistent application of risk assessment assumptions and goals. Theresults of the risk framework are documented in HAB 132, "Exposure Scenarios Task Force onthe 200 Area," in the Tri-Parties response to the HAB advice (Klein et al. 2002, "ConsensusAdvice #132: Exposure Scenarios Task Force on the 200 Area"), and in the Report of theExposure Scenarios Task Force (HAB 2002). The following items summarize the riskframework description from the Tri-Parties' response to the HAB.

1. The core zone (200 Areas including B Pond [main pond] and S Ponds) will have anindustrial scenario for the near future. The core zone is depicted in Figure 2-16.

2. The core zone will be remediated and closed, allowing for "other uses consistent with anindustrial scenario (environmental industries) that will maintain active human presencein this area, which in turn will enhance the ability to maintain the institutional knowledge
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of aste left in placefor future generations. Exposure scenarios used for this zoneshould include a reasonable maximum exposure to a worker/day user, to possible NativeAmerican users, and to intruders."

3. The DOE willfollow the required regulatory processes for groundwater remediation
(including public participation) to establish the points of compliance and R AOs. It isanticipated that groundater contamination under the core zone will preclude beneficialuse for theforeseeablefuture, which is at least the period of mste management andinstitutional controls (150 years). It is assumed that the tritium and 1-129 plumes beyondthe core zone boundary will exceed the drinking water standards for the period of thenext 150 to 300 years (less for the tritium plume). It is expected that other groundwatercontaminants wil remain below, or will be restored to, drinking water levels outside thecore zone.

4. No drillingfor water use or otherwise will be allowed in the core zone. An intruderscenario will be calculatedfor assessing the risk to human health and the environment.

5. Waste sites outside the core zone but within the Central Plateau will be remediated andclosed based on an evaluation of multiple land-use scenarios to optimize land use,institutional control cost, and long-term stewardship.

6. An industrial land-use scenario will set cleanup levels in the 200 Areas core zone. Otherscenarios (e.g., residential, recreational) may be used for comparison purposes tosupport decision making, especially for thefollowing:

- The post-institutional controls period (>150 years)
- Sites near the core zone perimeter, to analyze opportunities to "shrink the site"- Early (precedent-setting) closure/remediation decisions.

7. Thisframework does not address the tank retrieval decision.

This description serves as the basis for the risk assessment activities performed as part of this FS.The human health and ecological risk assessments can be found in DOE/RL-2003-11 and inAppendices C and E of this document, and are summarized in the following subsections.

2.7.2 Human Health Risk Assessment

The U.S. Environmental Protection Agency (EPA) Comprehensive Environmental Response,Compensation, and Liability Act of 1980 (CERCLA) cleanup goal is to limit the estimatedlifetime risk of excess cancers to 10 4 to 10-6 This compares to a baseline risk ofapproximately 0.2, i.e., approximately 20 percent of the entire U.S. population is expected to diefrom cancer. CERCLA prescribes this excess risk range over background risk levels. Thisequates to one in ten thousand to one in a million increase chance of contracting cancerassociated with the contamination of the waste site being evaluated. EPA's methodology usesslope factors to convert exposures to chemicals and radionuclides to excess lifetime cancer risk(ELCR). The human health risk assessment included the evaluation of nonradiological andradiological contaminants. These two types of contaminants require separate methods for risk
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assessment. Nonradiological soil concentrations are compared to risk-based concentrations thatare equivalent to an ELCR of 10-5 or a hazard quotient less than one. This comparison is donetwice; once for exposure to the soil itself and once for exposure to suspended soil particles in theair. Radiological concentrations are modeled with a computer code to determine radiation doseand ELCR.

Because of the risk framework assumption of an industrial use scenario (Section 2.7. 1, item 1),only the shallow zone soil, from 0 to 4.6 m [0 to 15 ft] bgs was considered in the assessment.Although all five representative sites (216-U-10 Pond, 216-U-14 Ditch, and 216-Z- I Ditch fromthe 200-CW-5 OU, 216-A-25 Gable Mountain Pond from the 200-CW-I OU, and216-T-26 Ditch from the 200-TW-I OU) currently have a clean cover over the contaminatedsoil, the risk assessment assumes that this cover either eroded or inadvertently was excavatedRisk results with sufficient cover should produce human health results near background levels.Because radiation can penetrate the soil, radiological risk with cover is calculated for those caseswhere risk criteria cannot be met in the no-cover configuration.

Local groundwater is not a current source of drinking water and is being addressed under the200-UP- 1 groundwater OU; however, the potential for contaminants to migrate from soil togroundwater was evaluated.

2.7.2.1 Nonradiological Results

The general methodology for the nonradiological risk assessment is to compare the soilconcentrations to risk-based concentrations (RBC). For direct contact with the soil, the RBCsare derived from WAC 173-340-745. For inhalation of dust or volatile organics, the RBCs arederived from WAC 173-340-750, "Cleanup Standards to Protect Air Quality."

Comparison to Soil-Based RBCs

The Washington State Department of Ecology has calculated soil cleanup levels based on theWAC 173-340-745 methodology and reported them in CLARC (Ecology 94-145). For thoseconstituents not listed in CLARC, RBCs were calculated based on equations provided inWAC 173-340-745 and WAC 173-340-750 and reasonable exposure assumptions documented inthe RI reports (DOE/RL-2000-35, DOE/RL-2002-42, and DOE/RL-2003-1 1). The WashingtonAdministrative Code soil cleanup standards for carcinogens are based on limiting the estimatedELCR to 1 x 10-5. For noncarcinogens, the standards are selected such that no acute or chronictoxic effects on human health are anticipated, i.e., the hazard quotient is less than one.

The mean concentrations in the four representative sites from 200-CW-5 and 200-TW-I werecompared to the CLARC industrial soil RBCs. For all four representative sites, the meanconcentrations of all constituents are below their respective industrial site soil RBCs. Thecomparisons are provided in Appendix C, Tables C-2 to C4, for the 200-CW-5 sites. For the216-T-26 Crib, there were no nonradiological contaminants in the shallow zone that exceededscreening criteria. For the 216-A-25 Gable Mountain Pond site in the 200-CW-I OU, differentcomparisons were performed. DOE/RL-2000-35 provides a description of the comparison.As reported in Appendix C, Table C-5, no contaminants exceeded the risk-based values for the216-A-25 Gable Mountain Pond.
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Comparison to Ambient-Air-Based RBCs

The maximum soil concentrations for each contaminant were converted to an air concentration
based on a particulate emission factor or a volatile factor, depending on the contaminant. The
ambient air concentrations then were compared to their respective RBCs, which were calculated
using equations from WAC 173-340-750.

As reported in Appendix C, Tables C-6 through C-8, maximum soil concentration in the threerepresentative sites from 200-CW-5 resulted in air concentrations below the ambient air RBCs
for all contaminants. No air-based comparison was available for the 216-T-26 Crib or the
216-A-25 Gable Mountain Pond sites, because as reported in their respective remedial
investigation reports, there were no nonradiological contaminants of potential concern.

2.7.2.2 Radiological Results

The radiological risk assessment was performed using the RESRAD code version 6.21
(ANL 2002, RESRADfor Windows) developed by Argonne National Laboratory. The RESRAD
model was used to obtain risk and dose estimates from direct-contact exposure to radiological
constituents present in the shallow zone under an industrial use scenario. The analytical
assumptions are based on the industrial use scenario, OU-specific data collected during the RI,
state and Hanford Site-specific data from other sources, EPA risk assessment guidance
(EPA 1991, Risk Assessment Guidancefor Superfund: Volume 1 -Human Health Evaluation
Manual (Part B, Development of Risk-based Preliminary Remediation Goals)), and RESRAD
defaults. The external gamma, inhalation, and soil ingestion pathways were used to represent the
industrial use scenario. The contaminants were modeled as if uniformly distributed within the
shallow zone, i.e., upper 4.6 m (15 1t) of the ground surface at concentrations equal to the
95 percent upper confidence level or the maximum, whichever is less. A detailed list of input
parameters is provided in Appendix C, Table C-9, of this FS.
The dose rate results were compared to the
EPA standard of 15 mrem/yr for members of
the public who are unknowingly exposed to
radiation. The public dose rate limit was
selected because future workers could be
unaware of the radioactivity in the soil. This
would make them similar to members of the
public and not subject to special regulations for
radiation workers. Radiation worker must be
informed of the radiation hazards and their
exposure must be controlled by administrative
or engineering controls. This dose rate over a
lifetime is approximately equivalent to an
estinated ELCR of 1 x 10-4.

Dose rates were calculated at various times over a period of 0 to 1,000 years. The outer bound of
this period was selected, not because of any applicable regulatory requirement, but because it is atime period often used in DOE analyses. DOE M 435.1-1, Radioactive Waste Management
Manual, requires 1,000 years for low-level waste performance assessments. DOE Order 5400.5,
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Dose is a measure of the eaergy deposited in an
individual and the damage incurred by the body by
that energy. In this document, dose is measured in
milliren. The dose limit suggested by EPA for
guiding radiological cleanup is 15 mrcn/yr. Risk is a
probability of getting cancer. The relationship
between dose and risk is approximately linear in
EPA's methodology. EPA's range of acceptable risk
for CERCLA remediation is 1f-' to io-4.
The ultimate goal of any CERCLA renediation is to
reduce risk to EPA's risk range. For remediation
planning and during radiological remediation, the
dose limit of 15 mrem/yr is often used as a
surrogate for risk.
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Radiation Protection of the Public and the Environment, discusses 1,000 years as a relevant time
period for uranium tailing stabilization. Several proposed EPA rules use 1,000 years. Hanford
Site CERCLA closures frequently have used a 1,000-year analytical period.

As reported in Table 2-3, the dose rate without a clean cover for four of the five sites exceeds the
15 nrem/yr standard. Only one site, the 216-T-26 Crib, is below the 15 mrem/yr standard
because there are no contaminants in the shallow zone. For three representative sites, this
condition persists well beyond the 150 years of active institutional control. Table 2-4 shows
results of the calculation of timeframes to reach human health preliminary remediation goals
(PRG) at each representative site, in a no-cover scenario. Given that dose rates exceed the
standard, the dose rates were recalculated with clean covers of0.6 m (2 t) for the
216-U-10 Pond, 2.7 m (9 ft) for the 216-U-14 Ditch, 1 m (3.3 ft) for the 216-Z-1 Ditch, and 1 m
(3.3 ft) for the 216-A-25 Gable Mountain Pond. The 216-T-26 Crib was not modeled because no
radionuclides in the shallow zone exceeded background concentrations. Under these conditions,
four sites remain under the 15 mrem/yr standard for 1,000 years; however, the 216-Z- I Ditch
dose rate begins to increase rapidly as the cover erodes away. Detailed RESRAD results are
provided in Appendix C, Tables C-10 through C-13.

2.7.3 Ecological Risk Assessment

The ecological risk assessment consists of a screening-level ecological risk assessment (SLERA)
followed by a more detailed evaluation, as discussed in Section 2.8, to determine whether further
evaluation or remedial actions are necessary. This subsection provides the results of the SLERA
performed in the RL

The general methodology of the SLERA is to compare the shallow zone concentrations in the
representative sites with soil concentration levels thought to be protective of terrestrial
populations. For nonradiological contaminants, the protective soil concentrations (ecological
indicator soil concentrations) are taken from WAC 173-340-900, "Tables," Table 749-3 and
methods described in WAC 173-340-7490, "Terrestrial Ecological Evaluation Procedures." For
radiological contaminants, the protective soil concentrations (biota concentration guides) are
taken from DOE-STD- 1153-2002, A Graded Approach for Evaluating Radiation Doses to
Aquatic and Terrestrial Biota.

Appendix C, Tables C-14 and C-15, provide the results of these comparisons for nonradiological
and radiological contaminants, respectively, for five sites. The SLERA indicates that the
concentration of at least one contaminant at four of the five representative waste sites exceeds
those concentrations thought to be protective of terrestrial populations, thus requiring further
evaluation as described in Section 2.8. Summary SLERA results of all five sites are as follows:

216-U-10 Pond (Representative Site) - The following contaminants exceeded the
ecological soil indicator concentrations or biota concentration guides: Cs-137, Sr-90, and
selenium. In addition, there was no indicator concentration or biota concentration guide
for Eu-152, Np-237, antimony, silver, thallium, or uranium. These contaminants are
further evaluated in Section 2.8.
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* 216-U-14 Ditch (Representative Site) - Cesium-137 exceeded its biota concentration
guide, but all nonradiological contaminants were below their ecological indicator
concentrations. However, antimony and silver did not have indicator concentrations.
These contaminants are further evaluated in Section 2.8.

* 216-Z-11 Ditch (Representative Site) - The following contaminants exceeded the
ecological soil indicator concentrations or biota concentration guides: Am-241, Cs-137,
Pu-238, Pu-239, Pu-239/240, Ra-226, Th-228, and Sr-90. Aroclor-1254 and
Aroclor-1260 exceeded the PCB level of Table 749-3, but more evaluation is necessary to
determine the ecological impact. In addition, there was no indicator concentration for
boron. These contaminants are fhrther evaluated in Section 2.8.

* 216-A-25 Gable Mountain Pond (Representative Site) - Arsenic, barium, and selenium
exceeded their ecological soil indicators while Cs-137 and Sr-90 exceeded their biota
concentratipn guides. There were no ecological indicators concentrations or biota
concentration guides for antimony, thallium, uranium, acetone, methyl ethyl ketone,
methylene chloride, phenol, benzyl butyl phthalate, diethyl phthalate, di-n-butyl
phthalate, K-40, and Th-228. These contaminants are further evaluated in Section 2.8.

" 216-T-26 Crib (Representative Site) - No contaminants exceeded ecological soil
indicator concentrations or biota concentration guides. The sum of the fractions of
radionuclide concentrations divided by biota concentration guides was well below one.
There was no indicator concentration for uranium. Uranium is further evaluated in
Section 2.8.

Table 2-5 shows results of the calculation of timeframes to reach ecological PRGs at each
representative site.

2.7.4 Protection of Groundwater

The industrial-use framework of the risk assessment (Section 2.7.1, items 1 and 4) precludes use
of groundwater in the 200 Areas for drinking purposes. Therefore, the groundwater pathway has
not been included in the human health risk assessment. Nevertheless, the Tri-Parties are
interested in protecting the waters of the state of Washington. Accordingly, the existing
contamination has been analyzed for its potential impact on groundwater. The analytical results
are expressed in terms of human health risk to provide a context for interpreting the results.
Nonradiological impacts to groundwater are provided as concentrations for comparison to the
maximum contaminant levels (MCL) of EPA's drinking water standards in 40 CFR 141,
"National Primary Drinking Water Regulations." Radiological impacts to groundwater are
provided as dose rates from drinking the water. This analytical endpoint facilitates comparison
to the EPA drinking water standard of 4 mrem/yr as stated in 40 CFR 141.

The analysis for protection of groundwater was performed at two levels: a screening level and a
detailed level. For the screening-level analysis, the nonradiological contaminant mean
concentrations were compared to soil RBCs for protection of groundwater found in the CLARC
tables (Ecology 94-145). RESRAD was used to calculate groundwater impacts from radiological
contaminants. For the detailed level analysis, STOMP (PNNL-12034, STOMP, Subsurface
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Transport Over Multiple Phases, Version 2.0, User's Guide) was used to provide more rigorous
modeling of radiological and nonradiological contaminants. Details of the STOMP modeling for
representative sites (the 216-U-10 Pond, 216-U-14 Ditch, and 216-Z-l1 Ditch) are provided in
DOE/RL-2003-1 1, Chapter 4.0.

2.7.4.1 Nonradiological Screening

The deep zone soil mean concentrations were compared to the CLARC groundwater protection
values with the comparison results reported in Appendix C, Tables C-16 through C-19. The
CLARC values were derived from equations in WAC 173-340-747. Summary conclusions are
as follows:

. 216-U-10 Pond - Cadmium exceeds its soil RBC by 30 percent, manganese exceeds its
soil RBC by a factor of 8, and uranium exceeds its soil RBC by a factor of 15. All other
contaminant concentrations were below their respective RBCs.

. 216-U-14 Ditch - All contaminant concentrations are below their respective soil RBCs.

* 216-Z-11 Ditch - Aroclor-1254 exceeds its soil RBC by a factor of 4.7 and nitrite
exceeds its soil RBC by a factor of 2.5. All other contaminant concentrations were below
their respective RBCs.

. 216-A-25 Gable Mountain Pond - The true mean concentrations for all constituents are
less than their respective WAC 173-340 Method C cleanup levels, as described in the
200-CW-1 OU RI report (DOE/RL-2000-35).

. 216-T-26 Crib - The one sample for uranium exceeds its soil RBC by 36 percent. All
other contaminants are below their respective RBCs (based on shallow zone samples).

2.7.4.2 Radiological Screening

The maximum of either the shallow zone or deep zone (0 m to water table) mean soil
concentrations of each radionuclide contaminant were used for RESRAD screening of
groundwater impacts. All contaminants were modeled as if uniformly distributed in the top few
meters of the soil without soil cover (the depth of the contaminated zone depending on the
contaminant distribution in each location). The use of mean values is appropriate because the
uniform distribution assumption, in effect, averages the hot spots over a large region.

Details are provided in Appendix C, Tables C-20 and C-21 for the 200-CW-5 and 200-TW-1 OU
sites. Only the 216-U-10 Pond and the 216-U-14 Ditch produced groundwater contamination
that exceeded both the 4 nirem/yr drinking water standard and the I x 10- ELCR criterion. The
most significant contaminants were Se-79 for the 216-U-10 Pond and Tc-99 for the
216-U-14 Ditch. By the time institutional control is assumed to be lost (at 150 years),
groundwater concentrations from the two sites drop below the 4 mrem/yr standard.
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2.7.4.3 Detailed STOMP Modeling

The contaminants used in the STOMP modeling were selected based on the nonradiological and
RESRAD screening reported in Sections 2.7.4.1 and 2.7.4.2 in addition to other contaminants
determined by regulatory considerations and scientific judgment. The list of analyzed
contaminants is provided in Appendix C, Table C-22. The modeling used more detailed
knowledge of contaminant distributions and subsurface conditions. Table 2-6 identifies the
contaminants that STOMP predicated would exceed MCLs in the groundwater and indicates thetime requred for the groundwater contamination at each representative site, under natural
attenuation, to reduce to acceptable levels. The results are summarized as follows:

" 216-U-10 Pond - The following contaminants exceed their MCLs at some time during
the 1,000-year period of analysis: Se-79, Tc-99, cyanide, fluoride, total uranium, U-233,
U-234, U-235, U-238, and sulfate. Uranium concentrations continue to rise after
1,000 years.

* 216-U-14-Ditch - The following contaminants exceed their MCLs at some time during
the 1,000-year period of analysis: Tc-99, uranium isotopes, and sulfide. Uranium
concentrations continue to rise after 1,000 years.

* 216-Z-11 Ditch - No contaminants reach the groundwater within the 1,000-year period
of analysis.

* 216-A-25 Gable Mountain Pond - Detailed analysis with the STOMP code is not
required because, based on screening analysis (Appendix C, Table C-20), potential
groundwater impacts from radionuclides during the period of interest do not exceed theEPA drinking water standard of 4 nrenyr (40 CFR 141).

* 216-T-26 Crib - The following contaminants exceed their MCLs at some time during the1,000-year period of analysis: cyanide, nitrate, nitrite, Tc-99, and U-233/234/238.

2.7.5 Intruder Risk Assessment

The inadvertent intruder scenario is based on the possibility that, after the 15 0 years, anindividual unwittingly (through human error or loss of knowledge concerning the location ofcontaminants) engages in an activity that results in contact with wastes left in place. The goal ofremediation is to reduce the estimated ELCR to the range of 104 to 106, using a dose of
15 mrem/yr above background as an operational guideline to achieve this goal. The evaluationin this risk assessment focuses on the 15 mrem/yr standard.

Appendix E contains the intruder risk analysis. Three intruder scenarios (described inAppendix E) were proposed for evaluation:

* Future construction trench worker
* Future well driller
* Future rural resident.
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Of the three scenarios proposed for evaluation, the third is considered the worst-case scenario,
primarily because of the larger exposure time. Therefore, the third scenario is the only one
analyzed in Appendix E. This scenario assumes that a receptor is residing within the area and
has planted a garden using the drill cuttings taken from a well drilled through the waste site. The
resident receives dose from direct exposure to the radiation field in the garden, inhales
resuspended dust, ingests soil, and consumes garden produce grown in the contaminated soil.
Consumption of groundwater is not included in this evaluation, because groundwater in this area
currently is under remediation and is not available for use. This scenario is consistent with other
inadvertent intruder evaluations conducted within the Central Plateau.

Table 2-7 summarizes the results of the intruder analysis for both a 150- and 500-year period of
institutional control. Assuming no excavation of contaminated soil, this table shows two
representative sites where an intruder scenario at 150 years exceeds 15 mrem/yr at the
216-Z-1 1 Ditch and the 216-T-26 Crib.

2.8 EVALUATION OF ECOLOGICAL
SIGNIFICANCE

The screening-level ecological risk assessment (Section 2.7.3) indicated that concentrations of
one or more chemicals exceeded ecological screening values at four of the five waste sites. This
section evaluates the ecological significance of contamination at each site.

The bald eagle (Halieetus leucocephalus), Federally listed as threatened, is the only species
listed under the federal Endangered Species Act of1973 that has been observed at the Hanford
Site. Previous reports have included the Aleutian Canada goose (Branta canadensis
leucopareia) as a Federally threatened species known to occur at the Hanford Site; however, this
species has largely recovered and was delisted in March 2001. It is no longer a Federally listed
species (USFWS 2004, Threatened and Endangered Species System, Delisted Species
Information). Both the bald eagle and the Aleutian Canada goose are birds that occur along the
Columbia River corridor and rarely are seen in the Central Plateau. Thus, site-related
contamination at the 200-CW-5 OU sites does not pose potential risk to Federally listed species.

Four other bird species classified by the Washington Department of Fish and Wildlife as "speciesof concern" also have been reported to occur at the Hanford Site (WDFW 2004, Species of
Concern in Washington State). These species consist of the ferruginous hawk (Buteo regalis),state-listed as threatened, and the burrowing owl (Athene cunicularia), loggerhead shrike (Lanius
ludovicianus), and sage sparrow (Amphispiza belli). The burrowing owl, loggerhead shrike, and
sage sparrow are each listed as "state candidate" species (WDFW 2004). Because the cover ofclean soil at the five sites prevents exposure to site-related contaminants by the ferruginous
hawk, loggerhead shrike, and sage sparrow, site-related potential risk to these three state-listed
species is negligible. Site-related potential risk to the burrowing owl is discussed below- Noother plants, invertebrates, amphibians, reptiles, or mammals that are Federally listed or listed by
the State of Washington as threatened or endangered species are known to exist in the Central
Plateau.

Under WAC 173-340, a distinction is made between commercial or industrial property and other
types of land use. For commercial or industrial property, only potential exposure pathways to
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wildlife need to be considered (i.e., potential risks to soil invertebrates and plants do not have to
be evaluated at a commercial or industrial property). The 200-CW-5 OU sites are in an
industrial area as defined in WAC-173-340-200, "Definitions." Therefore, the following
discussion is limited to wildlife-related potential risks.

2.8.1 216-U-10 Pond

The pond covers approximately 12 ha (30 a) and is covered by clean soil at an average depth of0.6 in Concentrations of Cs-137, Sr-90, and selenium exceeded ecological guidelines
(Appendix C, Tables C-14 and C-15) in some samples, and there were no ecological guidelines
for Se-79, Eu-152, Np-237, antimony, cyanide, silver, thallium, uranium, diethylphthalate,
di-n-butylphthalate, or toluene, which were detected in some samples. The overlying soil cover
prevents exposure to site-related contaminants by most wildlife species. However, burrowing
mammals, such as the badger, coyote, northern pocket gopher, deer mouse, Great Basin pocket
mouse, and burrowing owl, if present, could be exposed to site-related contaminants. In
summary, uncertainty exists regarding the potential risk to burrowing animals that might occuron the site, but the 0.6 m cover prevents exposure to site-related contaminants by most wildlife
species.

2.8.2 216-U-14 Ditch

The ditch encompasses approximately 1.3 acres. The concentration of Cs-137 exceeded theecological guideline (Appendix C, Table C-15). Like the 216-Z- 1 Ditch, the 216-U-14 Ditch isa narrow linear feature. It would be highly unlikely that any individual animal would use onlythe ditch for foraging, shelter, etc. Thus, exposure to contaminants in the ditch probably would
be minor relative to the entire area used by an animal. Furthermore, the ditch is completely
covered by clean soil at an average depth of 2.7 m, precluding exposure to site-related
contaminants by all species except those that are fossorial. Cesium-137 was the only
radiological contaminant that exceeded its biota concentration guide, and no nonradiological
chemicals exceeded their ecological guideline concentrations. The small size of the site and the2.7 m soil cover serve to minimize the exposure pathway. Therefore, the potential for ecologicalimpacts from site-related contaminants is negligible.

2.8.3 216-Z-11 Ditch

The ditch encompasses approximately 0.24 acres. Although concentrations of Am-241, Cs-137,Pu-238, Pu-239, Pu-239/240, Ra-226, and Sr-90 exceeded ecological guidelines (Appendix C,Table C-15), this site is a relatively small area that has a narrow linear footprint characteristic ofa ditch, and the contaminated area typically would comprise only a small portion of an animal'shome range (i.e., it would be highly unlikely that any individual animal would use only the ditchfor foraging, shelter). Thus, exposure to contaminants in the ditch would tend to be minor
relative to the entire area used by an animal. Furthermore, the contaminated area is completelycovered by clean soil at an average depth of 1.2 in. The overlying cover effectively precludesexposure to contaminants for almost all receptor species. Burrowing mammals such as thebadger (Taxidea taxus), coyote (Canis latrans), northern pocket gopher (Thomomys talpoides),
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deer mouse (Peromyscus maniculatus), and Great Basin pocket mouse (Perognathus parvus)
might be exposed to site-related contaminants. Similarly, the burrowing owl (Athene
cunicularia), a species that nests in abandoned badger or coyote burrows, might be exposed to
site-related contaminants. As mentioned above, however, use of the ditch by burrowing animals
probably would be minimal. In summary, the 1.0 m cover, small areal extent, and linear nature
of the site reduces the extent to which wildlife species would be exposed to site-related
contaminants, and potential site-related risk is probably negligible.

2.8.4 216-A-25 Gable Mountain Pond

The pond covers approximately 29 ha (71 a) and is covered by clean soil at an average depth of
0.9 in Concentrations of metals such as arsenic, barium, and selenium, and Cs-137 and Sr-90
exceeded their guidelines in samples. Thirteen contaminants had no ecological guidelines. They
included 11 nonradionuclides and 9 volatile and senivolatile compounds (Appendix C,
Table C-14), and two radionuclides (K-40 and Th-228) (Appendix C, Table C-15). The
overlying soil cover prevents exposure to site-related contaminants by most wildlife species.
However, burrowing mammals such as the badger, coyote, northern pocket gopher, deer mouse,
Great Basin pocket mouse, and burrowing owl, if present, could be exposed to site-related
contaminants. In summary, concentrations of five contaminants exceeded ecological guidelines,
and there is uncertainty regarding the potential risk posed by these five contaminants to
burrowing animals that might occur on the site. However, the 0.9 m cover prevents exposure to
site-related contaminants by most wildlife species.

2.8.5 216-T-26 Crib

The crib encompasses only 0.02 acres and is located in a highly developed portion of the
Hanford Site. The contaminated area is completely covered by 5.5 m of clean soil. The
developed nature of the area, the small size of the site, and the soil cover result in an exposure
pathway that is essentially incomplete. Furthermore, no contaminants at this site exceeded
available ecological guidelines (Appendix C, Tables C-14 and C-15). Therefore, the potential
for ecological impacts from site-related contaminants is negligible. The uncertainty resulting
from the lack of an ecological screening guideline for total uranium, which was detected at the
site, is minimal.

2.8.6 Conclusions

The 216-Z- 1 Ditch, 216-U-14 Ditch, and 216-T-26 Crib are sites whose total areal extents are
miniscule, providing little opportunity for use by terrestrial receptors. Furthermore, few
contaminants were present in the soil samples at the 216-U-14 Ditch and 216-T-26 Crib, and the216-T-26 Crib is located in a highly developed portion of the Hanford Site. In addition, each ofthese three sites is covered by clean soil (216-Z-1 I Ditch: 1.2 n; 216-U-14 Ditch: 2.7 m,216-T-26 Crib: 5.5 in). For these reasons, potential risk posed by the 216-Z-1I Ditch,216-U-14 Ditch, and 216-T-26 Crib is negligible, both for the individual sites as well as thecumulative risk of all three sites as a whole.
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The 216-U-10 Pond and the 216-A-25 Gable Mountain Pond are large enough so that exposure
to soil contaminants by burrowing animals cannot be ruled out. Some contaminants, primarily
Cs-137 and Sr-90, could pose risk to burrowing animals, but the extent to which burrowinganimals use these two sites is not clear. The overlying clean soil covers at these two sites (0.6 m
at 216-U-10 and 0.9 m at the 216-A-25 Gable Mountain) essentially preclude exposure by
non-burrowing animals. Screening-level shielding calculations indicate that gamma rays are
greatly attenuated in passing through the clean cover, yielding insignificant external dose rates at
the surface. It should be pointed out that 216-U-10 Pond site is in an industrial areas. Land use
and habitat types at this site is not expected to change significantly in the future.

The uncertainty associated with risks to burrowing animals at the 216-U-10 Pond and the
216-A-25 Gable Mountain Pond is not great and would be acceptable if the selected remediation
were capping or source removal. If no action were selected as the remedial alternative for these
two sites, then additional ecological investigation and assessment focused on impact to and from
burrowing animals would be required. If the remedial alternative selected is to provide a surface
barrier (cap), then it is assumed that any burrowing animals present at the sites would be
removed before remediation. It also is assumed that the additional thickness of tAterial over the
contaminants provided by the cap and inherent intrusion deterrent features designed into the cap
would be an adequate deterrent to potential future populations of burrowing animals and no
further ecological investigation or assessment would be required. Likewise, no additional
ecological investigation or assessment would be required at these two sites if the selected
remedial alternative were source removal. Additional ecological risk evaluations are not
recommended at this time for the other three representative sites, considering the contaminant
concentrations, site configurations, potential wildlife populations near the sites, and current and
future expected land use as discussed in this section.

2.9 REPRESENTATIVE WASTE SITES RISK
ASSESSMENT SYNOPSIS

Table 2-3 summarizes the risks at the representative sites, based on the human health risk
assessment and SLERA found in the applicable RI reports and Appendix C of this FS.
Tables 2-4 and 2-5 summarize the timefraines to reach human health and ecological PRGs
(PRGs are discussed in Chapter 3.0; comparisons to risk-based standards [which become PRGs
in Chapter 3.0] are performed in the RI report and in Appendix C) through natural radioactive
decay at each representative site. The tables support the determination of appropriate
alternatives to be evaluated for each representative site and its associated analogous waste sites.

2.9.1 Application to the 216-U-10 Pond and its
Analogous Waste Sites

The depth to the bottom of the 216-U-10 Pond was approximately 2.0 m (6.5 ft) when it was
actively receiving effluent. Soils above 2.0 m (6.5 ft) are a combination of fill material and pondsediment and contain fission products, transuranics radionuclides, and chemical contaminants.
Concentrations of these contaminants generally decrease with depth below the pond bottom and
sporadically are present in the vadose zone to a maximum depth of 43 m (140 ft). Because
effluent volume discharged to the 216-U- 10 Pond was greater than the soil column pore volume,
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it is likely that some contamination reached the aquifer groundwater during site operations.PNNL-13788 indicates that mobile contaminants (nitrate, carbon tetrachloride, and uranium)
exceed groundwater protection standards near the pond. Nitrate and uranium may be associatedwith waste disposal practices at the pond as well as at other waste sites in the 200 West Area.
As shown in Table 2-3, the following are applicable to vadose zone contamination at the
216-U-10 Pond.

* With respect to radiological contaminants in the 0 to 4.6 m (0- to 15-ft) zone, humanhealth is not protected in the no-cover case because the dose (2,700 mrem/yr) exceeds the
PRG (15 mrem/yr); however, if the existing cover soil is taken into account, the dose isreduced to negligible levels under existing conditions. In 150 years, dose decays to95 mrem/yr in the no-cover case, still above the PRG.

* With respect to nonradionuclides, human health is protected because contaminant
concentrations in this zone do not exceed WAC 173-340-745 risk-based standards.

* Groundwater is not protected because STOMP modeling predicts that cyanide, fluoride,total uranium, Se-79, Tc-99, U-233/234, U-235, and U-238 may reach the groundwaterabove MCLs or risk-based standards under the no-action scenario.

* Ecological receptors (burrowing animals) at the 216-U-10 (U Pond) site are not protectedbecause the thickness of the existing clean soil cover (0.6 m) is not sufficient to rule outexposure to soil contaminants by burrowing animals. Cesium-137, Sr-90, and selenium
were encountered above PRGs and could pose risk to burrowing animals, but the extentto which burrowing animals use these two sites is not clear. The overlying clean soilcover essentially precludes exposure by non-burrowing animals. Screening-level
shielding calculations indicate that gamma rays are greatly attenuated in passing throughthe clean cover, yielding insignificant external dose rates at the surface. Additionally, thesite is in industrial areas; land use and habitat types are not expected to change
significantly in the future.

* With respect to intruders to the waste sites past the 150-year active institutional controlperiod, human health is protected, because the intruder analysis (Appendix E) shows thatthe maximum intruder dose will be 2.8 nrem/yr, which is below the goal of 15 mrem/yr.

2.9.2 Application to the 216-U-14 Ditch and its
Analogous Waste Sites

Neither radiological nor nonradiological contaminants were encountered above background fromthe surface to a depth of 2.7 m (9 ft) at the 216-U-14 Ditch. Contamination was detected below2.7 m (9 ft). The major zone of contamination is from 2.7 to 3 m (9 to 10 ft), which correspondsto the original ditch bottom elevation. Contamination in this zone includes fission products,transuranic radionuclides, and Co-60 (an activation product). Contamination generally decreaseswith depth. Because effluent volume discharged to the 216-U-14 Ditch was greater than the soilcolun pore volume, it is likely that some contamination reached the aquifer groundwater duringsite operations.
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The distribution of contaminants in the 216-U-14 Ditch varies along its length. In general,contaminants with high distribution coefficients (cesium, plutonium) were detected at higherconcentrations near the head end of the ditch. Contaminants with moderate or low distributioncoefficients (strontium, uranium) were detected in high concentrations at the lower end of theditch.

As shown in Table 2-3, the following are applicable to vadose zone contamination at the216-U- 14 Ditch:

* With respect to radiological contaminants in the 0 to 4.6 m (0- to 15-fl) zone, humanhealth is not protected because the dose (1,400 mrem/yr) exceeds the PRG (15 mrem/yr);however, if the existing cover soil is taken into account, this dose is reduced to negligiblelevels. In 15 0 years, dose decays to 47 mrem/yr in the no-cover case, still above thePRG.

* With respect to nonradionuclides, human health is protected, because contaminantconcentrations in this zone do not exceed WAC 173-340-745 risk-based standards.

* Groundwater is not protected because STOMP modeling predicts that sulfide, U-233/234,U-235, U-238, and Tc-99 may reach the groundwater above MCLs or risk-basedstandards under the no-action scenario.

* Ecological receptors are protected. Although Cs-137 concentrations exceed the PRG atthe 216-U-14 Ditch, exposure to contaminants in the ditch would tend to be minorbecause the ditch encompasses a relatively small area and has a narrow linear shape suchthat the contaminated area would comprise only a small portion of an animal's homerange (i.e., it would be highly unlikely that any individual animal would use only theditch for foraging, shelter).

* With respect to intruders to the waste sites past the 150-year active institutional controlperiod, human health is protected, because the intruder analysis (Appendix E) shows thatthe maximum intruder dose will be 1.8 mrem/yr, which is below the goal of 15 nrem/yr.

2.9.3 Application to the 216-Z-11 Ditch and its
Analogous Waste Sites

The 216-Z- 11 Ditch is close to the 216-Z-19 Ditch and the lower portion of the 216-Z-ID Ditch.These three ditches are discussed collectively in the RI report (DOE/RI-2003-1 1) because of theuncertainty associated with the location of boreholes along these ditches and because they sharecommon boundaries. These three ditches are collectively discussed as the "Z-Ditches" below.
Contamination in the Z-Ditches begins at a depth of about 0.6 m (2 it). Transuranic radionuclideconcentrations exceed 100 nCi/g down to a depth of 3 m (10 ft). Levels of transuraniccontamination less than 100 nCi/g, along with fission product contamination, continue to a depthof 5.3 m (17.5 ft) bgs. Cesium-137 also is present in significant amounts (66,000 pCi/g).Concentrations of these contaminants decrease with depth. Below 5.3 m (17.5 ft), transuraniccontamination is less than 1 pCi/g.
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The effluent volume discharged to the Z-Ditches is unknown; therefore, impacts to groundwaterare unknown. The Z-Ditches mainly were used to channel wastewater rather than to percolate it,so infiltration beneath the Z-Ditches probably was very limited.

Surface and near-surface soil data suggest that radioisotopes are distributed over the entire lengthof the ditches. Significant variability in concentrations reported for closely spaced sampleswould make it difficult to confidently segregate portions of the ditch as hot spots relative to otherless contaminated areas.

As shown in Table 2-3, the following are applicable to vadose zone contamination at the216-Z-1l Ditch:

* With respect to radiological contaminants in the 0 to 4.6 m (0- to 15-fl) zone, humanhealth is not protected because the dose (45,000 nrem/yr) exceeds the PRG(15 mrem/yr); however, if the existing cover soil is taken into account, this dose isreduced to negligible levels. In 150 years, dose decays to 42,000 mrem/yr in theno-cover case, still above the PRG.

* With respect to nonradionuclides, human health is protected because contaminantconcentrations in this zone do not exceed WAC 173-340-745 risk-based standards.
* Groundwater protection is not required because vadose zone modeling does not predictchemicals or radionuclides to reach groundwater above MCLs.

* Ecological receptors are protected. Although concentrations ofAm-241, Cs-137, Pu-238,Pu-239, Pu-239/240, Ra-226, and Sr-90 exceed the PRGs at the 216-Z- 1 Ditch,exposure to contaminants in the ditch would tend to be minor because the ditchencompasses a relatively small area and has a narrow linear shape such that thecontaminated area would comprise only a small portion of an animal's home range(i.e., it would be highly unlikely that any individual animal would use only the ditch forforaging, shelter).

" With respect to intruders to the waste sites past the 150-year active institutional controlperiod, human health is not protected, because the intruder analysis (Appendix E) showsthat the maximum intruder dose will be 25 mrem/yr, which is above the goal of15 mrem/yr. In addition, intruder analysis of the analogous waste sites shows that humanhealth is not protected at the 216-Z-1D Ditch (3.3 x 103 mrem/yr) nor at the216-Z-19 Ditch (5.5 x 103 mrem/yr).

2.9.4 Application to the 216-A-25 Gable Mountain
Pond and its Analogous Waste Site

The depth to the original bottom elevation of the 216-A-25 Gable Mountain Pond isapproximately 4.0 m (13 ft) below present grade in the middle, thinning to the surface at theedge. A basalt formation is at the surface at the south side of the pond, sloping down to a depthof 10.6 m (35 ft) at the north side. Maximum depth of field investigations at the 216-A-25 GableMountain Pond was 11.5 mn (37 ft). In 1998, groundwater was encountered at 10 m (35 ft).
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Strontium-90 and Cs-137 are the major radiological contaminants below the 216-A-25 GableMountain Pond. Cesium-137 is present from 2.8 to 4.4 m (9 to 13 ft) at a concentration of7000 pCi/g. Below 4.4 in (13 fi), Cs-137 drops to below 30 pCi/g. Strontium-90 levels arebelow 30 pCi/g from the pond bottom to the basalt layer. Unlike Cs-137, which is concentratedat the pond bottom, Sr-90 is present throughout the vadose zone.

Because effluent discharge volume was much greater than soil pore volume, strontium and othermoderately mobile radionuclides entered the groundwater. A Sr-90 groundwater plume(1210 pCi/L) is currently located on the northeast side of the pond but is not expected to movebeyond its current location, as discussed in the 200-CW-1 FS (DOE/RL-2002-69).

As shown in Table 2-3, the following are applicable to vadose zone contamination at the216-A-25 Gable Mountain Pond:

" With respect to radiological contaminants in the 0 to 4.6 in (0- to 15-fl) zone, human
health is not protected because the dose (1,100 mrem/yr) exceeds the PRG (15 mrem/yr);however, if the existing cover soil is taken into account, this dose is reduced to negligiblelevels. In 150 years, dose decays to 11 mrem/yr in the no-cover case, below the PRG.

* With respect to nonradionuclides, human health is protected because contaminant
concentrations in this zone do not exceed WAC 173-340-745 risk-based standards.

* Groundwater protection is not required. The true mean concentrations for all constituentsare less than their respective WAC 173-340 Method C cleanup levels.

" Ecological receptors are not protected. Ecological receptors (burrowing animals) at the216-A-25 Gable Mountain Pond site are not protected because the thickness of theexisting clean soil cover (0.9 m [3 ft]) is not sufficient to rule out exposure to soilcontaminants by burrowing animals. Cesium-137 and Sr-90, arsenic, barium, andselenium were encountered at concentrations greater than the PRGs and could pose riskto burrowing animals, but the extent to which burrowing animals use these two sites isnot clear. The overlying clean soil cover essentially precludes exposure bynon-burrowing animals. Screening-level shielding calculations indicate that gamma raysare greatly attenuated in passing through the clean cover, yielding insignificant externaldose rates at the surface. Additionally, the site is in industrial areas; land use and habitattypes are not expected to significantly change in the future.

" With respect to intruders to the waste sites past the 150-year active institutional controlperiod, human health is protected, because the intruder analysis (Appendix E) shows thatthe maximum intruder dose will be 7.4 mrem/yr, which is below the goal of 15 mrem/yr.

2.9.5 Application to the 216-T-26 Crib

Neither radiological nor nonradiological contaminants above background levels wereencountered in the shallow zone at the 216-T-26 Crib. The bottom of the waste site wasidentified at 5.5 m (18 ft). Significant concentrations of Cs-137 and Sr-90 are located in the zone
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from 5.5 to 11 m (18 to 36.5 ft). As shown in Table 2-3, the following are applicable to vadosezone contamination at the 216-T-26 Crib.

* With respect to radiological contaminants in the 0 to 4.6 m (0-to 15-fl) zone, humanhealth is protected because there is no contamination in this zone.
* With respect to nonradionuclides, human health is protected because contaminantconcentrations in this zone do not exceed WAC 173-340-745 risk-based standards.
* Groundwater is not protected because STOMP modeling predicts that cyanide, nitrate,nitrite, U-233/234, U-238, and Tc-99 may reach the groundwater above MCLs orrisk-based standards. Groundwater is not protected because antimony, cadmium,cyanide, nitrate, total uranium, Co-60, Ra-226, Tc-99, and U-238 are predicted to reachthe groundwater above MCLs, either through modeling or through comparison togroundwater protection standards.

* Ecological receptors are protected because contaminant concentrations are belowscreening levels.

" With respect to intruders to the waste sites past the 150-year active institutional controlperiod, human health is not protected, because the intruder analysis (Appendix E) showsthat the maximum intruder dose will be 35 mrem/yr, which is above the goal of15 mrem/yr.
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Figure 2-1. Stratigraphic Column for the 200 Areas.
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Figure 2-14. General Conceptual Exposure Model.
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Table 2-1. Lithofacies of the Cold Creek Unit.
Lithofacies Environment of Previous Site Nomenclature

Deposition
Fine-grained, laminated to massive. Consists of a Fluvial-overbank and colian Palouse soil, early "Palouse"
brown- to yellow very well sorted cohesive, soil, Hanford formation/
compact, and massive- to laminated- and Plio-Pleistocene unit silt.
stratified-fine-grained sand and silt. It is moderately
to strongly calcareous with relatively high natural
background gamma activity

Fine- to coarse-grained, calcium carbonate Calcic palcosol Highly weathered subunit of
cemented. Consists of basaltic to quartzite gravels, the Plio-Pleistocene unit/
sands, silts, and clay that are cemented with one or caliche, calcrete.
more layers of secondary, pedogenic calcium
carbonate.

Coarse-grained, multilithic. Consists of rounded, Mainstream alluvium Distantly derived subunit of
quartzose to gneissic clast-supported pebble- to the Plio-Pleistocene unit/
cobble-size gravel with a quartzo-feldspathic sand pre-Missoula flood gravel.
matrix

Coarse-grained, angular, basaltic. Consists of Colluvium New facies designation for the
angular, clast- to matrix-supported basaltic gravel in Pasco Basin.
a poorly sorted mixture of sand and silt with no
stratification. Calcic paleosols may be present.

Coarse-grained, round basaltic lithofacies. Sidestream alluvium Locally derived subunit of the
Plio-Pleistocene unit.

NOTE: Based on DOE/RL-2002-39, Standardized Stratigraphic Nomenclature for Post-Ringold Formation
Sediments Within the Central Pasco Basin.
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Table 2-2. 'Representative Sites and Associated Analogous Waste Sites. (17 Pages)

SwaIest I Coutwmlnantlmventory" limusent saiovloe Rationde
Cofiguratioq Site an lMisdharge irta s -241 C-137 Sr-90 Eewro- Witrate idume Vdume

Waatehe constreaton,-a Mnaor Uraiem hitnin (M)D i (1 (0) <vyadft k
ilurpose ftk)) (g l __kg _

RepmentatleShe

216JU-10 The216-U-10 Pondisan Thepondreceivedfromthe 1.88 8,000 0.5 11 11 - . 165,000,000 1,800,000 CharucterizationisdescribedinDOEFRL-2003-11.
unlined topographic following: 284-W Powerhouse, Eifluent :ontaminant Distribution

and deression. It was 12 ha (30 a) 23 1-Z Laboratory, 234-5Z volume to
witd arin depth and was in Building, 2723-W B) -L y2 volume ontanmants were detected beneath the 216-U-10 Pond to a maximum depth of about 42.6 m (140 ft). Maximum contaminant
opervaryinmg t s 1 Buildi7 Building, mrevolume oncentrations generally are present near the surface in the upper 2.0 m (6.5 if) of the soil column. The depth to the bottom of the pond

eration from 1944 to 1985, 2724-W Building, 221-U tio=92: was about 2.0 m (6.5 ft) when it was actively receiving offluent Soils above 2.0 m (6.5 ft) are characterized by material used to fill in
when it was backi led and Building, 224-U Building', ae pond during decommissioning efforts, sediment from the bottom of the pond, orboth. Cesium-137, Sr-90, Se-79, plutonium, and

r42- Evaporator Facilities via urn am the predominant radionuclides detected from the surface to the bottom of the pond with concentrations generally decreasing
the 216-U-14 Ditch. t depth beneath the pond bottom

With few exceptions, radionuclides either were not detected or were detected at concentrations ofless than about 2.0 pCilg at depths
greater than 2.0 m (6.5 fi).
Maximum values of Tc-99 (4.6 pCi/g), Sr-90 (28 pCi/g), U-235 (2.4 pCi/g), and U-234 (56 pCi/g) sporadically are present at depths
greater than 2.0 m (6.5 f) bgs. In boreholes adjacent to the pond, Cs-137 and U-235 were detected above screening levels with Cs-137
'4.3 pCi/g) at approximately 0.8 m (2.5 ft) bgs and U-235 (5 pCi/g), detected 73 m (240 ft) bgs (reference: DOERL-2003-1 1).

Maximum urnium: 56 pCi/g.
Maximum Cs-137: 440 pCi/g.

Maxmum Sr-90: 28 pCi/g.
Within the pond, Cs-137 was detected at 440 pCi/g decayed to 366 pCi/g (in 2002) 0 to 3 m (0 to 10 f) bgs.

kil samples indicate that the average concentration of Cs-137 is 337 pCi/g. Comparison of the two data sets indicates good corelation
>etween the logging and laboratory data.

mm a groundwater contamination perspective, the effluent volume discharged to the 216-U-10 Pond was greater than the soil column
rre volume, suggesting the volume released was sufficient to reach the aquifer during waste site operations. PNNL-13788 indicates
hit mobile contaminants (nitrate, carbon tetrachloride, and uranium) exceed groundwater protection standards near the pond Nitrate

uranium may be associated with waste disposal practices at the pond as well as at other waste sites in the 200 West Aea.

he results of 216-U-10 Pond modeling indicate that Se-79, Tc-99, cyanide, fluoride, and the uranium species reach the groundwater at
gnificant concentrations.

Mdiegous wane sies rflevluared by the 216-U-0 Poonf mndMl

216-S-16P he 216-S-16P Pond consists 'he pond received process 3120 368 -- 30 45.1 -- -- 40,700,000 2,258,146 The 216-S-16P Pond is analogous to the 216-U-10 Pond as indicated by process history, contaminant inventory, and effluent volume

f four lobes separated by ooling water and steam from More than Less than rep Mor than More than Less than rep Equivalent to rceived, and is analogous because of the following
ond as anda Ieach trench. ue 202-S Building (only site site MP site rp site site op site 1. Construction and configuration are similar (unlined ponds).
be #4 never was used In be #1 received 202-S waste). 2(

1975, the pond was backfilled n 1973, the 216-U-9 Ditch was Effluent 2. Waste was received from the same type of soure (202-S Building), although the volume received was less.
nd surtace stabilized using ::nnected to the 216-S-16 Ditch volume to 3. The inventory for this site is very similar to and bounded by the 216-U-to Pond.

I from the dikes. The pond o divert overflow from the p4re volume
as 125,000 m (1,350,000 tf) 16-U-10 Pond to the -
1nd 0.9 m (3 ft) deep. 16-S-16 Pond. The pond was 5. The extent of contamination spread is bounded by the 216-U-10 Pond. The highest concentration for Cs-137 was 391 pCi/g and

ened in 1957 and operated the Am-241 concentration was 19.7 pCi/g at 1.1 m (3.5 ft bgs) (1976).
until 1975. 6. The effluent volume dischargedto this crib is 18 times the soil column capacity, bounded by the 216-U-10 Pond, and suggests a

potential for groundwater impact

-he 216-S-17 Pond was The pond received process 134 3 -- 12.7 15.9 - 140 6,440,000 1,529,712 The 216-S-17 Pond is analogous to the 216-U-10 Pond as indicated byprocess history, contaminant inventory, and effluent volume
216-S-17 formed by earthen dikes, ffluent from the 202-S Building More than ss than rep More than More than More than More than rep Equivalent to ceivecd, and is analogous because of the following.
Pond proximately 1 m(3.3 ft) high and overflow from the site te re site mp site rp site site VP site 1. Construction and configuration are similar (unlined ponds).

n the north and west side of 216-U-10 Pond via the 216-U-9 o

e site. overall site Dit-. 2ffluent 2. Waste was received from the same source (e.g., 202-S Building) and overflow from the 216-U-10 Pond, although the volume

-inmensions are 292 by 292 a tolume to received was significantly less.

958 by 958 ft), or 6.9 to 8.5 ha re volume 3. The contaminant inventory for this site is appropriate given its source (overflow from the 216-U-10 Pond).
'17 to 21 a) and 3.1 m (10 ft) 4. The geology of both sites is similar.
iep. The pondwasin
oeration from 1951 to 1954. 5. The extent of contamination spread is bounded by the 216-U-10 Pond.

6. The effluent volume discharged to this crib is bounded by the 216-U-10 Pond and is four times the soil column capacity,
suggesting a potential for groundwater impact
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Table 2-2. Representative Sites and Associated Analogous Waste Sites. (17 Pages)

waste site Contaminant Inventory"2  Effluent Soil Pore Rationale

waste site Configuration, Site and Discharge Total Total Am-241 Cs-137 Sr-90 Ferro- Nitrate Volume volume
Construction, and History U-rnum Plutonium (CO (Ci) (Ci) cyanide (kg)

Purpose (kg) (g) (kg)
216-T-4A The 216-T-4A Pond is a The pond received 221-T - -. - - -- - - 42,500,000 13,668 The 216-T-4A Pond is analogous to the 216-U-10 Pond as indicated by construction, process history, contaminant inventory, effluent

:atural surface depression, Building and 224-T Building Les than rep rep volume received, and vertical extent of contamination, and is analogous because of the ftllowing.
Pond 5.5 ha(16 a)in area, and 3.1 in pocess cooling water, 221-T site ite 1. Construction and configuration are similar (unlined ponds).

'10 ft) deep. In 1972, the uilding steam condensate,
,ttom of the original pond 242-T Evaporator condenser Effluent 2. Waste was received from a similar soure (e.g., process condensate from 221-T, 224-T, and 242-T Buildings), although the

was scraped to a depth of 15 to coling water and steam volume to volume received was less.

Z3 cm (6 to 9 inches) and the ondensate, 2706-T Building Pre volume 3. The contaminant inventory for this site is bounded by the 216-U-10 Pond and is similar, as compared to the volume received and
wrapings were placed in the decontamination waste, and mtio=3100:1
Z18-W-2A Burial Ground 242-T Condenser cooling water. reater than

Trench #27). The scraped The pond was in operation from rp site) 4. The geology ofboth sites is similar.

uea was covered with clean 1944 to 1972. 5. The extent of contamination spread is bounded by the 216-U-10 Pond.
oil in 1973. The pond was According to WIDS, the 6. The effluent volume discharged to this crib is more than 3,000 times the soil column capacity and suggests a high potential for
' shaped. Lad from the site ntaminant inventory for the groundwater impact.
s now the 218-W-2A Burial 16T-4A andl--4 od

- 216-T-4A and 216-T4B Ponds
a.e reported together.

216-T-4B The 216-T-4B Pond replaced The pond received 242-T 690 3.71 - 6.23 3.37 - - - - The 216-T-4B Pond replaced the 216-T-4A Pond, is analogous to the 216-U-10 Pond as indicated by construction, process history,
he 216-T-4A Pond. It was a Evaporator steam condensate More than Less than rep Less than ontaminant inventory, effluent volume received, and vertical extent of contamination, and is analogous because of the following.

Pond rtural depression that received ad condenser cooling water, p site site rep site 1. Construction and configuration are similar (unlined ponds).
maoff from the 216-T-4-2 and nonradioactive wastewater ss than
Ditch. Normally, the volume rm 221-T Building air rp site 2. Waste was received from a similar souwe (e.g., process condensate from 221-T and 242-T Buildings), although the volume

>f water in the new 216-T-4-2 onditioning filter units and received was less.

Ditch was not enough to fill the foor drains from 1972 to 1977. 3. The contaminant inventory for this site is bounded by the 216-U-10 Pond.
ndbecause it usually was ccording to WIDS, the 4. The geology of both sites is simlar,

e ditch, leaving the pond area f iT4 an t 6T tes 5. The extent of contamination spread is bounded by the 216-U-10 Pond.
hep ond is 0 .5 (.5 ft) are rported together. 6. The potential for groundwater impact is bounded by the 216-U-10 Pond.

97 m (1,300-ft) long, 6.1 in
12-fl) tall dike was built along

he pond to keep the pond out
f the 216-W-24 Burial
round.

216-U-9 The 216-U-9 Ditch is an The ditch received overflow -. -T - - - - - - -- he 216-U-9 Ditch is analogous to the 216-U-10 Pond as indicated by source of the waste received and is analogous because of the
unlined ditch that was from the 216-U-10 Pond and following

Ditch akfilled in 1954. A portion onnects the 216-U-10 Pond 1. Construction is similar (unlined) butwaste configuration is dissimilar (216-U-9 is a ditch whereas 216-U-10 is a pond).
Cfthe ditch was reopened in with the 216-S-17 Pond.
1973 and used until 1975. It is 2. The waste site received overflow from the 216-U-10 Pond.

1,067 by 1.8 m(3,500 by 6 ft) 3. The contaninant inventory for this site is bounded by the 216-U-10 Pond.
ad 1.5 m (5 ft) deep. 4. The geology of both sites is similar.

5. The extent of contamination spread is bounded by the 216-U-10 Pond.

6. The effluent volume discharged to this ditch and contaminant distribution are unknown; however, characterization test holes dug
to 2.7 m (9 ft) and trenches dug to 1.2 in (4 ft) across the ditch revealed that no contamination was present; therefore, potential
for groundwater impact is low.

216-U-Il The 216-U-11 Ditch is an The ditch received waste - - - -- - - - - - he 216-U-1 I Ditch is analogous to the 216-U-10 Pond as indicated by source of waste received and is analogous because of the
inlined ditch that was overflow from the 216-U-10 Following.

Ditch ackfilled and surface Pond. The ditch operated from 1. Construction is similar (unlined) but waste configuration is dissimilar(216-U-1 lis a ditch whereas 216-U-10 is a pond).
itabilized in 1985 in 1944 to 1957. The older portion

ujunction with the 216-U-10 was retired in 1955 with the 2. The 216-U-11 Ditch received overflow from the 216-U-10 Pond

?ond. It is 1,375 by 1.2 m remainderretired in 1957. 3. The contaminant inventory for this site is boundedby the 216-U-10 Pond.
4,5 10 ft by 4 fl) and 0.9 in
3 ft) deep. A flood plain in 4. The geology of both sites is similar.

be southern portion of the 5. The extent of contamination spread is bounded by the 216-U-10 Pond.
tch sometimes filled with 6. Groundwater impact is bounded by the 216-U-10 Pond.

ontaninated water when
ignificant amounts of water roi a groundwater perspective, remedial investigations at other OU waste sites suggest that infiltration beneath ditches used to channel
verflowed from the 216-U-10 astewater typically is very limited (DOE/RL-99-07).

?ond (reference: WIDS).
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Table 2-2. Representative Sites and Associated Analogous Waste Sites. (17 Pages)

Waste Site
Configuration,

Construction, and
Purpose

the 216-S-5 Crib is a
gravel-filled (approximately
12.2 in' [16 yards]) crib with
two lengths of perftrated,
cornigated metal pipe that for,

a coss. A hole was cut along
he top edge of the crib to
discharge overflow to a nearby
rench. Overflow was 5% of
the total flow. When the

REDOX Plant A-2 dissolver
ad H-4 coils failed, the dose
ates at the overflow area
eached 17 rad/h. The cib has
been surface stabilized The

ib was in operation from
1954 to 1957 and is 64 by 64 m
210 by 210 f) and 3.1 or
10 ft) deep.

Site and Discharge
History

The crib received REDOX Plant
Offluent with a low potential for

kontaniination and process
mssel cooling water and steam

xodenate water from the 202-S
1ilding. The 216-S-5 Crib

"laced the 216-8-17 Crib to
randle lower activity waste (the

216-S-6 Crib was designed to
handle higher activity waste to
replace the 216-S-17 Crib).

Total Total
Uranium Plutonium

(kg) (g)
271

More than
rep site

L 580
ss than rep

site

Contaminant Inventory 2

Am-24i Cs-137
(Ci) (C)

26.4

More than
rep site

Sr-90
(Ci)

54.1

Mon than
rep site

Ferro-
cyanide

(kg)

Nitrate
(kg)

100
More than
sep site

Effiuent
Volume

(m )

4,100,000

Less than rep
site

Soil Pore
Volume

(a)

73,746

Less than rep
ute

ifiluent
volume to
pore volume
ratio=55:1
(less than rep
site)

Rationale

he 216-S-5 Crib is analogous to the 216-U-10 Pond as indicatedbyprocess history, contaminant inventory, and effluent volume
rceived, and is analogous because of the following.

1. Construction and waste site configuration of the 216-8-5 Crib (gravel-filled crib with PVC distribution lines) and
216-U-10 Pond (unlined ditch) are dissimilar in construction but similar in that they both are unlined.

2. Waste was received from the same source (e.g., process effluent from the 202-S Building and overflow from the
216-U-10 Pond), although the volume received was significantly less

3. The contarinant inventory for this site is bounded by the 216-U-10 Pond,

4. The geology of both sites is similar.

5. The extent of contaminaion spread is bounded by the 216-U-10 Pond.

6. The effluent volume discharged to this crib is more than 50 times the soil column capacity along with more than 270 kg of
uranium, suggesting a high potential for groundwater impact; however, borehole 299-W26-06 (A5445) indicated no Cs-137
contamination to 63.7 m (209 fl).

216-S-6 Crib Ire 216-S-6 Crib is a square The crib received process 271 473 -- 115 204 - 140 4,470,000 35,117 The 216-S-6 Crib is analogous to the 216-U-10 Pond as indicated by process history, contaminant inventory, and effluent volume
At illed with gravel with oling water and steam More than Less than rep More than More than More than Less than rep Less than rep .eceived, and is analogous because of the following.
hrfcrated pipe nning down ndensate from the 202-S site site p site Mp site rp site site te 1. Construction and waste site configuration of the 216-S-5 Crib (gravel-filled crib with PVC distribution lines) and

cnterand si piped ufng tew a DOuet 216-U-10 Pond (unlined ditch) are dissimilar in construction but similar in that they both are unlined.
mrnching off perpendicular to lant effluent with a high4
he main pipe. The northwest tential for contamination, 7olume to 2. Waste was received from the same source (e.g., process effluent from the 202-S Building and overflow from the
md of the crib is heavily High potential activity waste cre volume 216-U-10 Pond), although the volume received was significantly less.
rpulated with growing was sent to the 216-S-6 Crib; the atio=127:1 3. The contaminant inventory for this site is bounded by the 216-U-10 Pond
umbleweeds, but no ower activity waste to the greater than
atamination was found. The 216-8-5 Crib, The 216-S-6 Crib site) 4. The geology of both sites is similar.

,ib was in operation from as designed to handle higher 5. The extent of contamination spread is bounded by the 216-U-10 Pond.
1954 to 1977 sndis64t by6A __vity waste to relace the
210 by 10 ft) and 4.6 m 16-8-17 Crib. 6. The effluent volume discharged to this crib is more than 100 times the soil column capacity along with more than 270 kg of
15 ft) dp uranium, suggesting a high potential for groundwater impact.
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Waste Site
Configuration,

Construction, and
Purpose

Site and Discharge
History

TotalI
Uranium

(k)

Total
Plutoniunm

Contaminant InventoryI
Am-241

(C)
Cs-137

(C)
Sr-90
(Ci)

Ferro-
cyanide

(kg)

Nitrate
(kg)

I flun Iloe
Effluent
Volume

(m?)

*1 -I _ _ _ _ _ _ _ _ _ '- I~ I 1,
216-A-6 Crib

216-A-30
Crib

The 216-A-6 Crib was
nstructed with a vitrified

lay pipe placed horizontally
ver the length of the unit.
ive lengths of perforated pipe

=re perpendicular to the first
pipe, The pipes are covered
with approximately 2580 rn'
3,370 yards) of gravel.
Periodically, the crib exceeded
fow capacity and
contamated the ground
surface (UPR-200-E-21,
JPR-200-E-29). A trench was
dug connecting the crib with
he 216-A-29 Ditch to collect
he overflow water.
JPR-200-E-19 occurred when
ow-level fission product
seeped into the ground around
he edges of the concrete pad at
he 216-A-6 Proportional
Sampler Pit. The release was
caused by moisture dripping
from the vent pipe bonnet. The
xib is 31 by 31 m
100 by 100 ft) and 6,4 m
(21 ft) deep, and was in
operation from 1955 to 1970.

rhe 216-A-30 Crib is a
3ravel-ffiled (approximately
MO m [12,300 yards]) crib

that has been isolated and
ckfilled. There are two

listribution pipes, 38 cm (15
iu. diameter). One pipe
extendshalf the length of the
erib (214 m [700 fi]) and one
extends the full length of the
crib (427 m [1,400 RI). During
the winter of 1971 and early
1972, an alkaline deposit
formed over the surface of the
216-A-30 Crib. Exploration
into the crib revealed a salt
deposit that condensed Rom

The crib received steam
condensate, equipment disposal
tunnel floor drainage,
water-filled door drainage, and
slug storage basin overflow
waste from the 202-A Building'
The 2 16-A-6 Crib was used in
conjunction with the 216-A-30
Crib.

The crib received steam
condensate, equipment disposal
tunnel floor and water-filled
door drainage, and the slug
storage basin overflow waste
from the 202-A Building and
PUREX Facility steam,
condensate. The 216-A-30 Crib
was used in conjunction with the
216-A-6 Crib.

164
More than
rep site

Less than rep
site

More than
rp site

L44 1 .Mor than
rep site

10,000
Mom than
rep site

3,400,102
Less than rep
site

I I I It I I ~73.1 0.198 117 102 jo-Out, ,,iiUh2i, ''-"0

297

More than

ep site

73.1

Less than rep
,ite

Less than
rep site

More than
rep site

112:

More than
e site

16,000
,ore than

rep site

110,213
Less than rep
site

Soil Fore
Volume

(dj)

23,
Less than rep
Rite

Effluent
molme to

pore volume
ratio=148:1
Cgreater than
repl site)

Less than rep
site
Ef fluent
volum to

pore volume
atio=224:1

(greater than
kep site)

vapors emitted through the soil.
The ground then was covered
with layers of sand and plastic.
The crib is 427 by 3.1 m
(1,400 by 10 ft) and 3.7 m
12 f) deep, and was in

operation from 1955 to 1970.
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Table 2-2. Representative Sites and Associated Analogous Waste Sites. (17 Pages)

Rationale

The 216-A-6 Crib is analogous to the 216-U-10 Pond as indicatedby similar process history and contaminant inventory (although the

216-U-10 Pond is locatedin the southwest portion of the 200 West Area and the 216-At Crib is locatedin the southeast portion of the

200 East Area) and is analogous because of the following.

1. Construction and waste site configuration of the 216-S-5 Crib (gravel-filled crib with PVC distribution lines) and
216-U-10 Pond (unlined ditch) are dissimilar in construction but similar in that they both are unlined.

2. Waste was received from a similar soure (e.g., floor drain and steam condensate), although the volume received was

significantly less due to site configuration diffirences.

3. The contaminant inventory for this site is bounded by the 216-U-10 Pond.

4. The geology of both sites is similar.

5. The extent of contamination spread is bounded by the 216-U-10 Pond.

6. The effluent volume discharged to this crib is more than 140 times the soil column capacity along with more than 160 kg of

uranium, suggesting a high potential for groundwater impact.

The 216-A-30 Crib is analogous to the 216-U-10 Pond as indicated by similar process history and contaminant inventory (although the

216-U-10 pondis located in the southwest portion of the 200 West Area and the 216-A-30 Crib is locatedin the southeast portion of the

200 East Area), and is analogous because of the following.

1. Construction and waste site configuration of the 216 '--5 Crib (gravel-filled crib with PVC distribution lines) and

216-U-10 Pond (unlined ditch) are dissimilar in constructiou but similar in that they both are unlined.

2. Waste was received from a similar soure (e.g., floor drain and steam condensate), although the volume received was

significantly less due to site configuration differences.

3. The contaminant inventory for this site is bounded by the 216-U-10 Pond.

4. The geology of both sites is similar.

5. The extent of contamination spread is bounded by the 216-U-10 Pond.

6. The effluent volume discharged to this crib is more than 200 times the soil column capacity along with more than 290 kg of

uranium, suggesting a high potential for groundwater impact
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2116-S-25
Crib

216-A-37-2
Crib

The 216-S-25 Crib is a
gravel-filled site (31,300 m
[41,000 yards]) with a
below-grade distribution pipe.
Srowing tumbleweeds were
contaminated at levels from
12,000 to 36,000 d/min. Soil
was contaminated from
1,000 to 4,000 d/min, The crib
is 175 by 3.01 m (575 by 10 ft)
and311 m (10 fl) deep, and was
in operation from 1973 to
1992.

The 216-A-37-2 Crib was built
as a replacement for the
216-A-30 Crib. There are two
associated steel drain pipes.
One is perforated and runs the
length of the unit. The other is
not perforated and uns from
west to east only to the center
of the unit 1.5 m (5 fl) above
the bottom. The crib is 427 by

.1 m (1,400 by 10 ft) and
4 m (I It) deep, and was in

oeration from 1983 to 1995.

The crib received 242-S
Evaporator process steam
condensate and 216-U-1 Crib
and 216-U-2 Crib groundwater
pump-and-treat effluent In
1976, a scintillation detector was
inserted into one of the wells
associated with the 216-S-25
Crib (T W-299-W-23-9, -11, and
-12) with no measurable dose
rate.

The crib received PUREX
Facility steam condensate waste
in parallel operations with the
216-A-30 Crib. Monitoring
Wells 299-ES-21-21 through -24
xtend to 90 m(295 fl) and

support the 216-A-37-2 Crib.

Umvminiw
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kRJ4dldale

The 216-S-25 Crib is analogous to the 216-U-10 Pondbased on the type of waste liquidreceived and the low specific activity received

contaminated groundwater from a pump-and-treat effort), and is analogous because of the following.

1. Construction and waste site configuration of the 216-S-5 Crib (gravel-filled crib with PVC distribution lines) and
216-U-10 Pond (unlined ditch) are dissimilar in construction but similar in that they both are unlined.

2. Waste was received from groundwater, although the volume received was significantly less than the 216-U-10 Pond due to site

configuration differences.

3. The contaminant inventory for this site is bounded by the 216-U-10 Pond.

4. The geology ofboth sites is similar.

5. The extent of contamination spread is bounded by the 216-U-10 Pond,

6. The effluent volume discharged to this crib is 24 times the soil column capacity along with more than 160 kg of uranium,

suggesting a potential for groundwater impact

The 216-A-37-2 Crib is analogous to the 216-U-10 Pond as indicated by similarprocess history and contaminant inventory (although the

216-U-10 Pond is located in the southwest portion of the 200 West Area and the 216-A-37-2 Crib is located in the southeast portion of

the 200 East Area), and is analogous because of the following.

1. Construction and waste site configuration of the 216-S-5 Crib (gravel-filled crib with PVC distribution lines) and

216-U-10 Pond (unlined ditch) are dissimilar in construction but similar in that they both are unlined.

2. Waste was received from a similar source (e.g., floor drain and steam condensate), although the volume received was

significantly less due to site configuration diffirences.

3. The contaminant inventory for this site is bounded by the 216-U-10 Pond and appropriate given its source (overflow flom the

216-U-10 Pond).

4. The geology ofboth sites is similar.

5. The extent of contamination spreadis boundedby the 216-U-10 Pond.

6. The effluent volume discharged to this crib is more than 30 times the soil column capacity, suggesting a potential for

groundwater impact.

2 B 7 22,B2ogous to the 216-U- 10 Pond based on similarities in source of waste received (steam condensate) and is

:2116-B-55 'he 216-B-55 Crib is filled The crib received ateam 6.71 0.65 3.xl0 1.7 7.21,300 '822 Theou 216-B-55 Cr f is analloig
ith gravel (approximately condensate from the 221-B More than es than rep Less than Similar to Less than Less than rep Less than rep ogous because of the following

Crib 1376 in2 [1,800 fl?]) and Building. site -te site re site TP site ste site 1. Construction and waste site configuration of the 216-S-5 Crib (gravel-filled crib with PVC distribution lines) and

orthains a perforated pipe that Effuent 216-U-10 Pond (unlined ditch) are dissimilar in construction but similar in that they both are unlined.

nte had two gauge wells of 
volume to 2. Waste was received from a similar source.

0cm (8-in.) steel pipe with a o volume 3. The contaminant inventory for this site is bounded by the 216-U-10 Pond and similar, given the volumes of waste received

Alvanized sheet metal cap. tio68:1 (216-U-10 Pond received more than 100 times the waste volume).

lie crib is 229 by3.1 mo 
less than rep,

(750 by 10ft) and 3.4 m(11 ft) 
te) 4. The geology ofboth sites is similar.

epy and was in operation 5. The extent of contamination spread is bounded by the 216-U-10 Pond.

from 1967 to 1991. 6. The effluent volume discharged to this crib is approximately 6 8 times the soil column capacity, suggesting a potential for

groundwater impact; however, well 299-E28-12, which monitors the 216-B-55 Crib, indicates a breakthrough to groundwater

has not occurred.

216-S-172 lTe 216-S-172 Control The structure received process 
Th- - e 216-S-172 Control Structure is analogous to the 216-U-10 Pond as indicated by process history and is analogous because of the

Control172 Structure is an underground cooling waste and steam ollowing.

Control concrete structure with interior condensate from the 202-S I. Construction of the 216-S-172 Control Structure is dissimilar to the 216-U-10 Pond (concrete structure vs. unlined pond).

Structure slice gates. It is 4.1 by 2.2 by Building and sent it to the
r. 1 m deep (13 by 7 by 7 ft) d16-8-iD Ditch. The structure 

2. Waste was received from the same source (e.g., 202-S Building) as the 216-S-16 Ditch and 216-S-17 Pond.

2th 25.4 cm (10 in.) thick s been covered with soil and 3. The contaminant inventory for this site is bounded by the 216-U-t0 Pond and is reflective of the 216-S-16 Ditch and

,alls. posted with URN/Cave-in 216-S-17 Pond.

Potential signs. It operated from 4. The geology ofboth sites is similar.
1956 to 1976.4.Tegooyobtsieisimlr

5. The extent of contamination spread is bounded by the 216-U-10 Pond.

6. Groundwater impact is bounded by the 216-U-10 Pond. The construction of the structure (concrete control box) and no

indication of leakage indicate that impact is minimal.

2-89

Cn~jmtauafluiewtott"

288,000



DOE/RL-2004-24 DRAFT A

Table 2-2. Representative Sites and Associated Analogous Waste Sites. (17 Pages)

Waste Site
Configuration,

Construction, and
Purpose

Site and Discharge
History

Total
Uranium

kbo

Total
Plutonium

( )

Contaminant Inventory1 2

Am-241
(CO

Cs-137
(Ci)

Sr-90
(C)

-- I I

Ferro-
cyanide

(kg)

Nitrate
(kg)

Effluent
Volume

(di)

Soil Pore
Volume
(d)

Rationale

( g) g

2904-S-160 rhe 2904-S-160 Control It received process cooling and - 1 - - - - -- - - - -- he 216-S-160 Control Structure is analogous to the 216-U-10 Pond as indicated by process history and is analogous because of the

3tucture is a below-grade steam condensate from the following.
Control 'pentagon" structure with 202-S Building to the 216-S-17 I. Constrution of the 216-S-172 Control Structure is dissimilar to the 216-U-10 Pond(concrete structure vs. unlined pond).

Strctre vuforced concrete walls, Pond, 216-S-6 Crib, and
Structure orand rof with 60cm 16-8-16Pond. Itoperated 2. Waste was received from the same source (e.g., 202-S Building) as the 216-S-17 Pond, 216-S-6 Crib, and 216-S-16 Pond.

'2 ft) diameter vitrified clay from 1954 to 1976. 3. The contaminant inventory for this site is boundedby the 216-U-10 Pond andis reflective of the 216-S-17 Pond, 216-S-6 Crib,

nlet and outlet piping. It is a and 216-S-16Pond.

m (10-fl) pentagon, 2.74 m 4. 2h6-e-16 ond.
9 fl) deep with 30.5 cm(l f) 4. The geology of both sites is similar.

hick walls. 5. The extent of contamination spread is bounded by the 216-U-10 Pond.

6. The effluent volume discharged is bounded by the 216-U-10 Pond and suggests a negligible potential for groundwater impact

rhere are low levels of contamination inside the structure (300 c/nin loose surfice contamination) and in the surrounding soil

500 clmin).

2904-S-170 The 2904-8-170 Control The 2904-S-170 Control - - - - -- -- -- -- - 216-S-170 Control Structure is analogous to the 216-U-10 Pond as indicatedby process history andis analogous because of the

;tructure is a below-grade Structure directed waste from ollowing

Control tructure with reinforced the 202-S REDOX Facility to 1. Construction of the 216-S-172 Control Structure is dissimilar to the 216-U-10 Pond (concrete structure vs. unlined pond).

Structure xncrete walls, floor, and roof te 2904-SA Sample Building
*ith 76 cm (2.5 l) diameter ero m 1954 to 1976. 2. Waste was received from the same sourme (e.g., 202-S Facility) as the 216-S-17 Pond, 216-S-6 Crib, and216-S-16 Pond.

6trified clay inlet and outlet 3. The contaminantinventory for this site is boundedbythe 216-U-10 Pond andis reflective of the 216-S-17 Pond, 216-S-6 Crib,

>ping. The 2904-SA Sample and 216-S-16 Pond.
3uilding is located over the 4 n 2 g6.8-1y ond.
iouth end of the weir structure. 4. The geology of both sites is similar.

It is 4.9 by 1.5 m (16 by 5 ft) 5. The extent of contamination spread is bounded by the 216-U-10 Pond.

wit 25.4 cm (10 in.) thick
walls2.4 ( .)6. Groundwater impactis boundedby the 216-U-10 Pond. The construction of the stricture (concrete control box) and no

indication ofleakage indicate that impact is minimal.

2904-S-171 The 2904-S-171 Control he 2904-S-171 Control - - - - - - - - - The 2904-S-171 Control Structure is analogous to the 216-U-10 Pond as indicatedby process history. The site is analogous to the

Structure is a below-grade Structure was used to measure 216-U-10 Pond because of the following.

Control ectangular structure with ad regulate the flow of process 1. Construction of the 216-S-172 Control Structure is dissimilar to the 216-U-10 Pond(concrete structure vs. unlined pond).

Structure einforced concrete walls, waste that was being routed to

foor, and roof with 46cm the 216-S-6 Crib and was in 2. Waste was received from the same source (e.g., 202-S Facility) as the 216-S-6 Crib.

1.5 t) diameter vitrified clay service from 1954 to 1976. 3. The contaminantinventory for this site is boundedby the 216-U-10 Pond and is reflective of the 216-S-6 Crib.

inlet and outlet piping and
hand-operated gate valve. The 4. The geology of both sites is similar.

site has been backfilled with 5. The extent of contamination spread is expected to be similar.

ean material, Itis4by2.6I 6. Groundwater impact is bounded by the 216-U-10 Pond. The construction of the structure (concrete control box) and no

13 by 9 it) and 3.05 m (10 t) indication of leakage indicate that impact is minimal.
oep with 25.4 cm (10 in.)

hick walls.

207-S The 207-S Retention Basin is a The site received process T- - - - - - - - - he 207-S Retention Basin is analogous to the 216-U-10 Pond as indicated by process history and is analogous because of the following

.ncrete structure, backfilled eooling water and steam from 1. Construction of the 217-S Retention basin is dissimilar to the 216-U-10 Pond (concrete structure vs. unlined pond).

Retention thsil, with an overflow te 202-S Building, en route to

B tin located in the center of the e 216-S- 17 Pond and 216-S-16 
2. The 207-S Retention Basin was an intermediate stop for waste transferred from the 202-S Building to the 216-S-17 Pond and/or

oasi end and an outlet weir Pond It was in operation from 216-S-16 Pond, which are analogous to the 216-U-10 Pond. Waste was received from the same source (e.g., 202-S Building) as

tincture adjacent to the south 1951 to 1954, the2I&S46Pand17 Ponds.

wall. The retention basin is 3. The contaminant inventory for this site is bounded by the 216-U-10 Pond and is reflective of the 216-S-16P and -17 Ponds.

40by 4Omn(130 by 130 ft) and
2.1 m(6.75 fi) deep with 

4. The geology of both sites is similar.

5.4 cm (10 in.) thick walls. 5. The extent of contamination spread is bounded by the 216-U-10 Pond, although there is no documented evidence that the basin

has leaked, indicating minimal contamination spread.

6. Groundwater samples taken on July 31, 1964 (W-22-13 and W-22-14) indicate the presence of Sr-90 groundwater

contamination; however, there is no evidence that the groundwater contamination resulted from the 207-S Retention basin.
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Waste Site
Configuration,

Waste Site Construction, and
Purpose

216-B-64 The 216-B-64 Retention Basin
s an emergency diversion

Retention basin for steam condensate that

Basin xceeded crib release limits.
she crib is 51 by 13 m

(167 by 42 ft) and 4.6 m (15 ft)
deep, and was operational from
1974 to 1997.

00-E- 113 he 200-E-113 Process Sewer
s an underground, 0.406 m

rocess :16 in.) diameter steel pipeline

Se r hat extends from the PUREX
Sewer lant to a distribution box

ocated on the west side of the
Z16-A-6 Crib and continues
-stward to the 216-A-30 Crib.

e 216-A-42C Valve Box is
ocated on the pipeline, inside a
lomed cover and was installed
D select either the 216-A-3O
-rib or the 216-A-6 Crib for
ischarge. The pipeline is
538 m (1,7 6 5 ) long and is

aured 2.4 m (8 ft) deep.

UR-200-E- JPR-200-E-19 was caused
when low-level fission product

19 weped into the ground around
-e edges of the concrete pad at
he216-A-6 Proportional
apler Pit. The release was

sad b osuedipn

mhe ventpe bont The
JPR occurred in 1959.

UR-200-E- UPR-200-E-21 was caused
when 216-A-6 Crib overflowed

21 snd contaminated the adjacent
arato 500 mrad/h. The UPR

ccurred in 1959.

Site and Discharge
History

?he unit has not been used
xcept for an initial test The
ome of effluent was planned
o be diverted steam condensate
rom the 221-B Building. A
adiological speck of
ontamination, present in the
ain, migrated from the

4ijacent surfce contamination
'270-E-1 Neutralization Tank
iser, named UPR-200-E-64
alias UN-216-E-36).

rhe process sewer transported
team condensate waste from the
PUREX Facility to the 216-A-30
'Db or216-A-6 Crib. Waste
eceived is associated with the
steel pipeline and adjacent
xontaminated soil from pipe
eaks. This process sewer was
n operation from 1961 to 1970.
n 1995, the distribution box was

filled with concrete, backfilled,
and stabilized.

The source of the UPR was
216-A-6 Crib effluents due to a
eaking valve bonnet at the

portional sampler pit

The source of the UPR was
216-A-6 Crib effluents. In
1981, 15.2 to 30.5 cm(6 to
12 in.) of soil were removed and
fisposed in the 216-A-4 Burial

runds. The excavated area
as covered with 46 to 61 cm

18 to 24 in.) of clean soil.

Contaminant Inventory"2

Total Total Am-241 Cs-137 Sr-90 Ferro- Nttzate

Jranium Plutoniunm (C0) (Ci) (Ci) cyanide (kg)

(kg) (g) (kg)

Effiue
Volum

(U?)

-- -- - [ -.- t ---

--1 - - - t ... t -

-- - i~i--~ - - I - -.

Table 2-2. Representative Sites and Associated Analogous Waste Sites. (17 Pages)

at Soil Pore Rationale
e Volume(n?)

he basin was intended to receive 221-B Building waste that exceeded release limits A fcility test was conducted, but the basin never

as used. The 216-B-64 Retention Basin is analogous to the 216-U-10 Pond based on the projected source of waste and is analogous

mcause of the following.

1. Construction and waste site configuration of the 216-B-64 Retention Basin (concrete basin) are dissimilar to the 216-U-10 Pond

(unlined pond). 26U1 od
2. Waste was planned to be received from a similar waste stream as compared to the 216-U-10 Pond-

3. The contaminant inventory for this site consists of loose surface contamination spread from UPR-200-E-64, which is different

from the 216-U-10 Pond.

4. The geology of both sites is sintilar.

5. Documentation indiates no liquid leakage, bemuse contamnated liquid never was introduced.

6. There is no impact to groundwater beouse only surfte contamination is present (no contaminated liquid was introduced to the

basin).

oe 200-F-113 Process Sewer is analogous to the 216-U-10 Pond as indicated by similar process history and con a t Poentd.
althoughthe 216-U-10Pondis locatedin the southwest portion-of the 200-WestAm rand the216- r

on of the 200 East Art), and is analogous be use of the following.

1 Construction and waste site configuration are dissimilar no the 216-U-10 Pond (unlined pond vs. steel pipeline).

6.Tesfuntn'redvati rcs ee ibuddyte26Ut Pond altoughe asea the pelin has nomaed

2. Waste was transfered E m a similar some via the 200-E-113 Process wer

to the 216-U-10 Poad.

3. The contaminantinventory for this site is included in the 216-A-6 and 216-A-30 Cribs inventory.

4. The geology ofboth sites is similar.

5. Documentation does not indicate that a pipeline leakage has occurred,

6. The -ffuent transferred via thi process sewer is bonded by the 216-U-10 Pond, although, bemuse the pipeline has not leaked,

groundwater impact from the pipeline is not evident.

JPR-200-E-19 is analogous to the 216-U-10 Pond because ofits association with the 216-A-6 Crib and because of its location, and is

nalogous because of the following.

1. The UPR is similar to the 216-U-10 Pond because liquid spilled onto an unlined ara.

2. Waste was received from the 216-A-6 Crib.

3. The contaminant inventory for this site is included in the inventory for the 216-A-6 Crib and is bounded by the 216-U-10 Pond.

4. The geology of both sites is similar.

5. Contamination from the UPR is iadacent to the 216-A-6 Crib; therefore, the extent of contamination spread is bounded by the

216-U-10 Pond.

6. The effluent volume discharged (and groundwater impact) is included with the 216-A-6 Crib; therefore, it is bounded by the

216-U-10 Pond.

JPR-200-E-21 is analogous to the 216-U-10 Pond because ofits association with the 216-A-6 Cribs and because of its location, and is

mnalogous because of the following.

-1. The UPR is similar to the 216-.U-10 Pond bemause liquid spilled onto an unlined area.

2. Waste was received from the 216-A-6 Crib.

3. The contaminant inventory for this site is includedin the inventory for the 216-A-6 Crib and is bounded by the 7 216-U-10 Pond.

4. The geology of both sites is similar.

5. Contamination from the UPR is adjacsrit to the 216-A-6 Crib; therefore, the extent of contamination spread is bounded by the

216-UJ-10 Pond.

6. The effluent volums discharged (and groundwater impact) is included with the 216-A-6 Crib; therefore, it is bounded by the

216-U-.10 Pond.
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Waste Site

UPR-200-E-
29

UPR-200-
W-124

epresentartie Sihe
216-U-14
Ditch

Waste Site
Configuration,

Construction, and
Purpose

JPR-200-E-29 was caused
when the 216-A-6 Crib
overflowed and contaminated
the adjacent area to 30 md/h at
1.2 m(4 ft). The UPR
ocurred in 1961.

JPR-200-W-124 occurred
when a dike broke at the
'REDOX Swamp" located
;outheast of the 200 West
Are. The pondlocated
,utheast of the 200 West Area
s 216-S-19; however, the dike
i-eak could have occured at

e216-S-17 Pond. The UPR
vas 9 m (30 f) wide and
105 m(1,000 ft) long. The
ocation suggests this UPR is
,artofthe216-S-17 Pond's
ootprint and would be
:-mediated with 216-S-17.

Site and Discharge
History

The soue of the UPR was
216-A-6 Crib effluents. After
the UPR, the site was covered
with 15 cm (6 in.) of sand and
topped with plastic sheeting. In
1972, the site was covered with
an additional 46 cm (18 in.) of
sand and 10 cm (4 in.) of gravel
The crib was surface stabilized
on 1993.

The source of this UPR was
pooling water from 202-S
Processing Facility tanks. This
JPR occured in 1959.

The 216-U-14 Ditch is an he ditch received waste from
unlined ditch, backfilled, and he following: 284-W

srface stabilized in sections Powerhouse; 2723-W Original

with the last section completed Laundry Facility, 2724-W New

n 1997. It is 1731 by 1.2m .aundry Facility, 221-U, 2 2 4 -U,

:5,680 by 4 fh)de. to7a-U, and242-S Steam

md 3.1 by (10 ft) deep. w 1vaporators and 241-U-1 10
-onde user Tank.

Contaminant Inventory -

Total Total Am-241 Cs-137 Sr-90 Ferro- Nitrate
Uranium Plutonin (Ci) (Ci) (Ci) cyanide (kg)

(kg) (g) (kg)

- - - - -

- -
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Effluent Soil Pore Rationale
Volume Volume

UPR-200-E-29 is analogous to the 216-U1-10 Poadbecause ofits association with the 216-A-6 Crib and because ofits location, and is

alogous because of the following.

1. The UPR is similar to the 216-U-10 Pond because liquid spilled onto an unlined area.

2. Waste was received from the 216-A-6 Cib.

3. The contaminant inventory for this site is included in the inventory for the 216-A-6 Crib and is bounded by the 216-U-10 Pond.

4. The geology of both sites is similar.

5. Contamination from the UPR is adjacent to the 216-A-6 Crib; therefore, the extent of contamination spread is bounded by the

216-U-10 Pond.

6. The effluent volume discharged (and groundwater impact) is included with the 216-A-6 Crib; therefore, it is bounded by the

216-U-10 Pond.

- PR-200-W-124 is analogous to the 216-U-10 Pond as indicatedby process history and is analogous because of the following.

1. Construction and configuration ae similar (216-U-10 is an unlinedpondand UPR-W-l 14 is an unlined trench).

2. Waste was received from the same source (e.g., 202-S Building).

3. The contaminant inventory for this site is bounded by the 216-U-10 Pond.

4. The geology ofboth sites is sitilar.

5. The extent of contamination spread is bounded by the 216-U-10 Pond.

6. The effluent volume discharged is bounded by the 216-UJ-10 Pond and suggests a minimal potential for groundwater impact.

UPR 200-W-124 is located within the footprint of the 216-S-17 Pond.

1,220,000 - raterization is described DO~FRL-2003-1 1.

(Rferenc: lontaninrn Distribution
(R DS onatmto sscaecihtee1--4Dthwa eetdfo 2.7 to 5,8 in (9 to 19 fl) bgs. The major zoneof contamnination is

WID2.) lot3inan (9 o 10atd witorepodngt the 21--1 itch dttdr wihmaximumn concentrations of Cs-137 (2228 pCi/g), plutonium

lOp2.7 to 3m-24(9 to 1 i/f)bs, Crro-(d6ig), 9(1 g, Sb-125 (0 1 pCi/g), ad urnium(350 pC/g). From 3.0 to
.8 m (10 to 19 ft), concentrationsdecrease with depth. Available data indicate maximum concentrations at 5.8 m(19 ft) an 8.3 pCilg

or- Cs-137,0.39 pCi/g frplutoium isotopes (0.39), 1.6 pCi/g for Am-241, and 7 pCi/g for uranium. Strontium-90 also was detected
etwesn 0.81 pCi/gnd 5.2 pCig) benath the ditch. Maximum concentrations for Sr-90 typically were detected from 3.6 to 4.5 m

12 to 15 ft) bgs. Distribution of contaminants in the ditch also varies along its length.

Imum uranium: 350 pCi/g.

ximumplutonium: 10 pCi/g.

ximum Am-241: 1.6 pCi/g.

aximumCs-137: 440 pCi/g.

ximum Sr-90: 28 pCi/g.

ontaminants with large distribution coefficients (e.g., Cs-137 andplutonium) were detected in higher concentrations near the head end

f the ditch. Containaents with moderate to low contaminant distribution coefficients (e.g., Sr-90, uranium) were detected in higher

nicenitrations at the lower end of the ditch. Antimouny was the only metal detected above screening levels (detected at 3.4 to 5.8 mn

I to 19 f) bgs with concentrations from 6.1 and 7.0 mg/kg. Very little radiological contamination was detected adjacent to the

16-U-14 Ditch.

Acording to Section 3.2.4.3 of DOERL-2003-1 1, the effluentvolume dischargedto the 216-U-14 Ditch is greater than the soil column

ore volume, suggesting that the volume of effluent released was sufficient to reach the aquifer during waste site operation. Impact to
undwater also was confirmed in WHC-EP-0698 by comparing discharge data, changes in water table elevation, and groundwater

hemstry overtime. PNNL-13788 indicates that mobile contaminants (carbon tetrachloride and uranium) exceed groundwater

rotection standards near the ditch. Uranium from the 216-U-14 Ditch is known to be a source of groundwater contamination.

e results of the 216-U-14 Ditch modeling indicate Tc-99, sulfide, anduraniumreach the grourdwaterin appreciable concentrations.

--- -
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_____________ 
,S.......a. 10.1 fl......

Waste Site

___________________________________________ I

Waste Site
Configuration,

Construction, and
Pur nse 

Site and Discharge Total TOt A
History Uranlum Plutoniun (Ci)

(kg) (g) I___

Contaminant InventoryI
Cs-137

(Cl)
Sr-9f
(Cl)

Ferro-
cyanide

(kg)__________

Effluent Sou Pore
Volume Volume

(g) (m)

Inalogous waste sites to be e"aluated by the 216-U-14 Ditch moade
40000 0 7

216-S-16D
Ditch

216-T-1
Ditch

216-T-4-1D
Ditch

The 216-S-16D Ditch
onnected the 202-S Building

to the 216-S-16 Pond. The
iitch is 518 by 1.2 m (1,700 b
4 ft) and 0.9 m (3 f) deep.

The 216-T-1 Ditch isan
erathen ditch with 2.5:1 slope
and a 5 cm (2 in.) diameter
vitrified clay feeder pipe. The
ditch is 556 m (1,825 ft) long,
0.9 m (3 ft) wide, and 3.1 m
(10 ft) deep. It was surface
stabilized in 1995 when the
221-T Building inlet waste
afream was rerouted to TEDF.

y

The ditch connected the 202-S
Building to the 216-S-16 Pond.
En 1973, a portion of the
216-U-9 Ditch to the 216-S-16
Ditch to divert overflow from
the 216-U-10 Pond to the

216-U-16 Pond. Itisbackfilled
and stuface stabilized. It
operated from 1957 to 1975.
Contaminant inventory is
included in the 216-S-16 Pond
inventory.

The ditch received
miscellaneous waste from pilot
experiments, decontamination
waste, other waste from the
221-T Building, 271-T
blowdown vessel cooling water,
221-T Building condensate from
'aheated radiators, and

ium hydroxide wash water
oactive). It was in

eration from 1944 to 1995.

75.943712

Less than repsite

I I T 1 I
The 216-T-4-1D Ditch was
replaced by the 216-T-4-2

itch. The aea was backfilled
ad surface stabilized in 1995,
long with the 216-T-4-2
Ditch. This ditch was 259 by
!.4 m(850 by 8 fl) and 1.2 m
4 ft) deep.

The ditch received process
cooling water from the 22 1-T
and 224-T Buildings via the
207-T Retention Basin and
steam condensate from the
221-T Building and 242-T
Evaporator and decontamination
waste from the 2706-T Building.

fom 1944 to 1972, hut was
rh 216-T-4-ID 

Ditch was used
inctive from mid-1957 to mid-
1964.

(Referece:
WIDS)

I____________ I -

216-T-4-2
Ditch

The first 15 m(5 ft) ofthe
16-T-4-2 Ditch, from the head

of the unit was part of the
iriginal 216-T-4-1 Ditch. A
irtion was parallel to the old
16-T-4-1 Ditch, leading to the

216-T-4B Pond. Most of the
ffluent was absorbed in the
irst quarter of the ditch. The
id of the ditch and the
Z16-T-4B3 Pond were often dry.

ditch is backfilled and
stabilized. The ditch is 533.8

(1750 ft) long, 2.4 m (8 ft)
ide, and 1.2 m (4 ft) deep.

The ditch received 242-T
yacrator steam condensate

d condenser cooling water,
and nonradioactive wastewater
fm 221-T Building air
conditioning filter units and
floor drains. The ditch was in
operation from 1972 to 1995,
when it was surface stabilized
andbackflled.

Less than rep
site

,

olume 
to

re volume
ntio=20:1

,
ffluent
vIome to

re volume
tio=4.7:1

t 11 | -. | -

________________________________________ I ______________ J __________________ l.~.............J ______________ I ____________ J ___________________ j _______________ J ___________________

The 216-S-16D Ditch is analogous to the 216-U-14 Ditch as indicated by process history and is analogous because of the following.

1. The ditches are similar in construction and configuration (unlined ditches).

2. The ditch connected the 202-S Building to the 216-8-16 Pond, which is functionally similar to the 216-U-14 Ditch, and the

waste was received from a similar source (e.g., 242-S Facility).

3. The contaminant inventory for this site is bounded by the 216-U-14 Ditch and is reflective of the 216-8-16 Pond.

4. The geology of both sites is similar.

5. The extent of contamination spread is bounded by the 216-U-14 Ditch.

6. The effluent volume discharged as compared to the soil pore volume suggests a potential for groundwater impact. Fro n

groundwater perspective, remedial investigations at other OU waste sites suggest infiltration beneath ditches used to channel

wastewater typically is very limited (DOE/RL-99-07).

The 216-T-1 Ditch is analogous to the 216-U-14 Ditch as indicatedby construction andprocess history The site is analogous to the

216-U-14 Ditch because of the following.

1. Construction and site configuration of the 216-1-1 Ditch are sinmilar (unlined ditch).

2. The ditch connected the 221-T and 271-T Buildings to the 216-T-4A Fond and later the 216-T-4B Pond, similar to the

216-U-14 Ditch connection to the 216-U-10 Pond Waste was received from a similar source (e.g., 221-T Building).

3. The contaminant inventory for this site is bounded by the 216-U-14 Ditch.

4. The geology of both sites is sinsilar.
5. The extent of contamination spread is bounded by the 216-U-14 Ditch.

6. The effluent volume discharged as compared to the soil pore volume suggests a potential for groundwater impact. From a

groundwater perspective, remedial investigations at other OU waste sites suggest that infiltration beneath ditches used to channel

wastewater typically is very limited(DOE'RL-99-07).

The 216-T-4-1D Ditch is analogous to the 216-U-14 Ditch as indicated by construction and process history and is analogous because of

the following.

1. Construction and site configuration of the 216-T-1 Ditch ae similar (unlined ditch).

2. The ditch connected the 221-T, 224-T, and242-T Buildings to the 216-T-4A Pondand later the 216-T4B Pond, similar to the

216-U-14 Ditch connection to the 216-U-10 Pond. Waste was received from similar sources.

3. The contaminant inventory for this site is bounded by the 216-U-14 Ditch.

4. The geology of both sites is similar.

5. The extent of contamination spread is bounded by the 216-U-14 Ditch.

6. Groundwaterimpactisboundedby the 216-U-14 Ditch. From a groundwater perspective, remedial investigations at other OU

waste sites suggest that infiltration beneath ditches used to channel wastewater typically is very limited (DOE/RL-99-07).

The 216-J-4-2 Ditch is analogous to the 216-U-14 Ditch as indicated by construction and process history and is analogous because of

e following.

1. Construction and site configuration of the 216-T-1 Ditch are similar (unlined ditch).

2. The ditch connected the 221-T and 242-T Buildings to the 216-4B Pond, similar to the 216-U-14 Ditch connection to the

216-U-10 Pond; however, most of the effluent was absorbed in the first quarter of the ditch. Therefore, the end of the ditch and

the 216-T-4B Pond often were dry.

3. The contaminant inventory for this site is bounded by the 216-U-14 Ditch.

4. The geology ofboth sites is similar.

5. The extent of contamination spread is bounded by the 216-U-14 Ditch,

6. Groundwater impact is bounded by the 216-U-14 Ditch. From a groundwater perspective, remedial investigations at other OU

waste sites suggest that infiltration beneath ditches used to channel wastewater typically is very limited (DOERL-99-07).
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Waste Site Contaminant Inventory" Effluent Soil Pore Rationale
WasteConfiguratio, Site and Discharge Total Total -241 Cs-137 Sr-90 Ferro- Nitrate Volume Volrm

Construction, and History Uranium Plutonian (CI) (Ci) (Ci) cyanide (kg) (in) (n
Purpose I (kg) (9) f( ) I

16-W-LWC whe26-W-LWC Laur treived wase fro he - - - - - - - 1,200,000 5,922 ne 216-W-LWC Laundry Waste Crib is analogous to the 216-U-14 Ditch as indicated by source of waste received and is analogous
ne rib ist of two 723-W ad 2724W La dy Siilar to rep Effluent iecause of the following.

ne,dnt cfields) srcuresa site volume to 1. Construction and waste site configuration of the 216-W-LWC Crib (gravel-filled crib with PVC distribution lines) and
tral distribution pipe and pre volume 216-U-14 Ditch (unlined ditch) are dissimilar in construction but similar in that theyboth are unlined.
*rain lines with rock fill mtio=203:1 2. The site received waste from the 2723-W and 2724-W Laundry and Mask Cleaning Facilities and was a replacement for laundryeneath and 4243 it? waste sent to the 216-U-14 Ditch.

5,546 yards) of gravel fill to 
3. The contaminant inventory for this site is bounded by the 216-U-14 Ditch.pd.The 2 16-W-LWC

)erated from 1981 to 1994. 4. The geology of both sites is similar.
150 side of the crib is 47 n 5. The extent of contamination spread is bounded by the 216-U-14 Ditch.

Sm (9 ft) y40.p i 1331.5 f) ad6. There is a potential for groundwater impact because the waste discharged to the crib exceeded soil por volume by a factor of
,.Smn(19 ft) deep with 31.5 

poevlmmy. htroI ift) thick walls. There is 203.
1.1 m(266 ft) ofseparation
ntweon the cribs.

07-U e 207-U Retention Basin is a he 207-U Retention Basin 45 The- -- - T 207-U Retention Basin is analogous to the 216-U-14 Ditch as indicated by process history and is analogous because of thelastic-lined concrete basin rceived waste firom the 221l-U following.Retention lvided into halven. It was in ad224-U Buildings where it **E
Basin >ration l int aves Ite asin ,ad 24r Builings wen it1. Construction and waste site configuration of the 207-T Retention Basin (concrete basin) are dissimilar to the 216-U-14 DitchBasin fpraion as a retention basin s held for samliling and (unlined ditch).1rom 1952 to 1994. It is 75 by ischarged to the 216-U-10

37 n (246 by 123 ft) and 2 m -ond via the 216-U-14 Ditch. 2. The 207-U Retention Basin was an intermediate transfer point for waste from the 221-U and 224-U Buildings to the6.5 ft) deep. ie 207-U Retention Basin has 216-U-14 Ditch and the 216-U-10 Pond.
en modified (byplugging the 3. The containiantinventory for this site is expected to be rnflective of the 216-U-14 Ditch and the 216-U-10 Pond.utlet line), convening the

inction of the basin into an 4. The geology of the sites is similar.
vaporation pond to support 5. Evidence of contamination spread is not evident, except for sludge removed from the retention basin and disposed in holesceipt of 224-U Building located around the perimeter of the basin and covered with clean dirt (documented as UPR-200-W- 1 and UPR-200-W-1 12).unds ad storm water rnoff 

6. Groundwater impact is bounded by the 216-U-14 Ditch. Leakage has not been documented outside the basin.
rhe____ 207T Rtetio Bains aThereent dA contamination survey conducted in the basin in 1977 indicated that no smearable contamination was found.

T dvt'n t b'd1-

inrete structure, divided into
rwo sections, 75 by37m(246
3y 123 ft). It had a
3,800,000 L (1, 000 ,000-gal)
capacity. Periodically, the
sludge that accumulated on the
bottom of the basin was
cleaned out and placed in holes
located around the perimeter f
the basin and covered with
clean dirt One of these holes
was documented as the
216-T-12 Trench.

on ve
rPlant process cooling and

ventilation steam condensate,
,ocess cooling water from
5quipmentjackets in the 221-T
Building, and 224-T Evaporator
-ooling water and flow from the

22 1-TA Building via the
216-T-4-2 Ditch. The retention
basin was in operation from
1944 to 1995. In 1996, 7.6 to
15.2 cm (3 to 6 in.) of
contaminated soil, scraped from
adjacent areas, were deposited in
the basin, followed by 20.3 to
61 cm (8 to 24 in.) of clean soil,

_________ ________ I _________

The 207-T Retention Basin is analogous to the 216-U-14 Ditch as indicated by process history and is analogous because of the
following

1. Construction and waste site configuration of the 207-T Retention Basin (concrete basin) are dissimilar to the 216-U-14 Ditch
(unlined pond).

2. The 207-T Retention Basin was an intermediate transfer point for waste from the 221-T and 242-T Buildings to the
216-T-4A and 216-T-4B Ponds; however, not all of the waste from the 221-T and 242-T Buildings was routed to the
207-T Retention Basin (one branch of the 200-W-88 Process Sewer bypassed the 207-T Retention Basin).

3. The contaminant inventory is bounded by the 216-U-14 Ditch.

4. The geology of the sites is similar.

5. Evidence of contamination spread is not evident, except for sludge removed from the retention basin and disposed in holes
located around the perimeter of the basin and covered with clean dirt (one such hole was documented as the 216-T-12 Trench).

6. Groundwater impact is bounded by the 216-U-14 Ditch. Leakage has not been documented outside the basin.
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Waste Site Contaminant Inventory"2  Effluent Soil Pore Rationale

Waste Site Configuration, Site and Discharge Total Total Am-241 Cs-137 Sr-90 Ferro- Nitrate Volume Volume
Construction, and History Uranium Plutonium (CO (Ci) (Ci) cyanide (kg) (mjj()

Purpose (kg) (g) (kg)

216-T-12 The 216-T-12 Trench is a It received contaminated sludge 44.6 1 -- 4.34 2.05 -- - 5,000 214 The 216-T-12 Trench is analogous to the 216--U-14 Ditch as indicated by process history and is analogous because of the following.
sludge pit used to bury from the 207-T Retention Basin Less than Less than rep Less than rep ess than rep I. Construction and waste site configuration of the 216-U-14 Ditch (buried concrete culverts) and 216-T-12 Trench (unlinedTench ntaminated material fm the in 1954. rp Sim site ie te trench) are dissimilar in construction but similar in that they both are unlined.074T Retention Basin. It was
ny used once. At the time of Effluent 2. The 216-T-12 Trench received waste from the 207-T Retention Basin, similar to the 216-U-14 Ditch; the waste deposited in the
urial, 15 nrad/h was the lolume to 216-T-12 Trench was sludge removed from the 207-T Retention Basin.

naximum detected on the Mre volume 3. The contaminant inventory for this site is more reflective of the 216-T-4A Pond than the 216-T-26 Crib.
dudge (1954). Ithasbeen atio=23:1
>ackfilled and stabilized. It is greater than 4. The geology ofboth sites is similar.
4.6 m by 3.1 m (15 ft by 10 ft) rp site) 5. The extent of contamination spread likely will be the same for the 216-T-12 Trench, as compared to the 216-U-14 Ditch, based
rnd 2.4 m (8.0 ft) deep. on the form of material disposed (sludge vs. liquid).

6. The sludge volume discharged and waste form suggest minimal potential for groundwater impact

200-W-84 The 200-W-84 Process Sewer The process sewer transported T- -- -- - -- -- - - -- he 200-W-84 Process Sewer is analogous to the 216-U-14 Ditch as indicated by source of waste received and point of discharge, and is
s underground, vitrified clay 221-U Plant process sewer analogous because of the following.

Process ipelint that is 46 cm(18 in) waste to the 216-U-14 Ditch. 1. Construction and waste site configuration of the 200-W-84 Process Sewer (vitrified clay pipe) are dissimilar to the 216-U-
Sewer 1iameter by800 m(2,625 fl) 14 Ditch (unlined ditch).

ong and 0.6 us(2 ft) deep. It
onninated at a timber headwall 2. The 200-W-84 Process Sewer received waste from the same source (221-U Building) and discharged waste to the 216-U-14
where the flow entered the Ditch.
?16-U-14 Ditch. The process 3. The contaminant inventory for this site is bounded by the 216-U-14 Ditch.

mwer was active from 1952 to
1984. 4. The geology of both sites is similar.

5. The extent of contamination spread is bounded by the 216.U-14 Ditch.

6. Groundwaterimpactis boundedby the 216-U-14 Ditch.

200-W-88 The 200-W-88 Process Sewe The process sewer received -- -- - - -- - - - - The 200-W-88 Process Seweris analogous to the 216-U-14 Ditch as indicated by process history andis analogous because of the
usists of two vitrified clay coling water, air conditioning following

ProCSs cess sewer pipelines. The ondensate, and floor drain 1. Constriction and waste site configuration of the 200-W-88 Process Sewer(vitrified clay pipe) are dissimilar to the
Sewer suthern line extends from the waste from the 221-T Buildin& 216-U-14 Ditch (unlined ditch).

suth end of T Plant to the 224-T Building, and 242-T from
207-T Retention basin. The 1944 to 1995 and was isolated in 2. The ditch connected the 221-T and 242-T Buildings to the 216-4B Pond, similar to the 216-U-14 Ditch connection to the
morthern process sewer line 1996. The pipelines are 216-U-10 Pond, however, one of'two branches of the 200-W-88 Process Sewer contains the 207-T Retention Basin.
rxtends from the south end of associated with the 221-T 3. The contaminant inventory impact is bounded by the 216-U-14 Ditch.
r Plant and bypasses the Building and 207-T Retention 4. The
vtention basin, connecting to Basin. geology of both sites is similar.
le 207-T Discharge Pipe. The 5. The extent of contamination spread is bounded by the 216-U-14 Ditch.

tal dimensions am 1321 in 6. Groundwaterimpact is boundedby the 216-U-14 Ditch. From a groundwaterperspective, remedial investigations at other OU4,330 if) long. The burial waste sites suggest that infiltration beneath ditches used to channel wastewater typically is very limited (DOEIRL-99-07).leth is 0.6 in (2 fl) wide and
Z m(6.5 fi) deep.

200-W-102 The 200-W-102 Process Sewer Te process sewer transported .- -- - -- -- -- - -- - The 200-W-102 Process Sewer is analogous to the 216-U-14 Ditch as indicatedby source of waste received and point of discharge, and
s an underground pipeline waste from the 2723-W and [s analogous because of the following.

ProceSS sed to transfer laundry and 724-W Laundry and Mask 1. Construction and waste site configuration of the 200-W-102 Process Sewer (vitrified clay pipe) are dissimilar to the
Sewer "as-cleaning effluent to the leaning Facilities to the 216-U-14 Ditch (unlined ditch).

116-U-14 Ditch. It was in 16-U-14 Ditch. A portion of
>peration from 1944 to 1981. ie pipeline remained open until 2. The 200-W-102 Process Sewer transferred waste to the 216-U-14 Ditch.
?ortions of the pipeline are 1984 to transfer mask-cleaning 3. The contaminant inventory is bounded by the 216-U-14 Ditch and likely will be lower due to the source of contamination
ssociated with the 2724-U ffluent to the 216-LWC Crib. (2723-W and 2724-W Laundry and Mask Cleaning Facilities).
3uilding foundation. The n 1981 alone, 26,250 in' of
nocess sewer is 885 m rastewater per month was 4. The geology ofboth sites is similar.
2,900 if) long and 0.6 m (2 f) irnsported in this process 5. The extent of contamination spread is bounded by the 216-U-14 Ditch.
n diameter wer. 6. The effluent volume discharged to this crib and contaminant distribution is bounded by the 216-U-14 Ditch. From a

groundwater perspective, remedial investigations at other OU waste sites suggest that infiltration beneath ditches used to channel
wastewater typically is very limited (DOFIRL-99-07).
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waste Site _ Contaminant Inventory Effluent Soil Pore Rationale

Waste Site Configuration, Site and Discharge Total Total An-241 Cs-137 Sr-90 Ferro- Nitrate Volume Volume
Construction, and History Uranium Plutonin (CO (Ci) (Ci) cyanide (kg) (a (n')

Purpose (kg) (g) (kg)

UPR-200- UPR-200-W-111 is a UPR area This UPR area received sludge - - - PR-200-W-111 is analogous to the 216-U-14 Ditch as indicated byprocess history and is analogous because ofthe following.consisting of anarrow trench rmoved from the 207-U
W-111 4jent to the 207-U RetentionBasin. Aradiological 1. Construction is similar (unlined) but configuration is different (sludge disposal trench vs. liquid transfer ditch).

aen otim te16s oidctdraig shg a P-0-- a ldedpstdi the 207-U Rtention Basin. Ardooia
tention Basin. It was used rvey conducted in 1953 2. UPR-200-W-1 11 received waste from the 221-U Building, similar to the 216-U-14 Ditch; however, the waste deposited in

>nce, sometime in the 1960s, tohadicated readings as high as UPR200W111 was sludge deposited in the 207-U Retention Basin.

2 an dxIattely 21 mn3  25 rad/h at 20 cm (8 in.) above 3. The contaminant inventory is bounded by the 216-U-14 Ditch.

e bottom of the south side of 4. The geology of both sites is similar.
07-U Retention Basin. The 5. The extent of contamination spread is bounded by the 216-U-14 Ditch but will be significantly less for UPR-200-W-111 basedudge is covered with 1.2 m on the amount (21 m3 [27 yd'}) and form of material disposed (sludge vs. liquid),
4 f)of clean soil, surface
mabilized in 1997. The 6. Groundwaterinipactis boundedby the 216-U-14 Ditch; however, because of the low volume of material disposed and waste
mensions are 12.2 by 4.6 m form (sludge vs. liquid), groundwater impact will be minimal.

40 by 15 fi) and 3.1 (10 ft)
mep.

UPR-200- PR-200-W-1 12 is a UPR area This UPR area received sludge - - - - - - - - -- UPR-200-W-1 12 is analogous to the 216-U-14 Ditch as indicated by process history and is analogous because of the following.112 nsisting of a na)ow trench re-oved from the I . Construction is similar (unlined) but configuration is different (sludge disposal trench vs. liquid transfer ditch).W-1 2 wthin 3.lm (10t) to the 207-U Retention Basin.
107-U North Retention Basin 2. UPR-200-W-1 12 received waste fiom the 221-U Building, similar to the 216-.U-14 Ditch; however, the waste deposited in
xucrete wall. It was used UPR-200-W-1 12 was sludge deposited in the 207-U Retention Basin.
uwe, sometime in the 1960s. 3. The contaminant inventory is bounded by the 216-U-14 Ditch.twas dug to bury
proximately 21 rn (27 yd) 4. The geology of both sites is similar.
f sludge scraped from the 5. The extent of contamination spread is bounded by the 216-U-14 Ditch but will be significantlyless for UPR-200-W- 112 basedttom of the south side of on the amount (21 m3 [27 yd]) and forn, of material disposed (sludge vs. liquid).
Z07-U Retention Basin. The
dudge is covered with 1.2 m 6. Groundwater impact is bounded by the 216-U-14 Ditch; however, due to the low volume of material disposed and waste form
4 fi) of clean soil, surface (sludge vs. liquid), groundwater impact will be minimal,
tabilizedin 1997. The
limensions are 12.2 by 4.6 m
40 by 15 It) and 3.1 m (10 ft)
Iep.
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Waste Site Contaminant Inventory ,2 Effluent Soil Pore lRationale

Waste Site Configuration, Site and Discharge Total Total A-241 Cs-137 Sr-90 Ferro- Nitrate Volume Volume
Construction, and History Uranium Plutonian (Q) (Ci) (Cl) cyanide (kg) ( )

Purpose (kg ) (11:k)

kemenradi Skte

216-Z- 11 The 216-Z-1 I Ditch is an The ditch received waste frm -- --. -- -- -- -- -- - -- haracterization is described in DOERL-2003-1 1,
unhied ditch, active from 1959 the PFP 231-Z, 234-5Z, and Contaninant Distribution

Ditch to 19 1, ki ad surface Z process sewers to th- oontamination was detected beneath the 216-Z-1 I Ditch to 12 m (40 it) bgs. Maximum concentrations are present from2.3 to 5.3 m

s797by 1.2 m(2,615 by4 ft) 7.5 to 17.5 ft). Amencium-241 and plutonium were the predominant contaminants detected at the ditch bottom, approximately 2.3 to

and 0.6 m (2 fi) deep .6 m (7.5 to 8.5 ift) bgs with concentrations of 468 pCi/g and 2,780 pCi/g, respectively. Maximum concentrations of Am-241
'919 pCi/g) and plutonium (4,840 pCi/g) were detected about 1.2 m (4 R) beneath the bottom of the ditch at a depth of 3.7 m (12 ft) bgs.
This zone of contamination may represent the bottom of the 216-Z-1D Ditch.

The 216-Z-ID, 216-Z-1 1, and 216-Z-19 Ditches were known to converge in this area to use the culvert passing beneath 16 Street.
Americium-241 and Pu-239/240 concentrations decrease with depth to less than 1 pCi/g at depths more than 5.3 m(17.5 ft) bgs. Other
radiological contaminants detected in the upper zone of contamination (2.3 to 5.3 m [7.5 to 17.5 ft] bgs) were Ra-226, Sr-90, and
Th-230, with maximum concentrations of 58.4 pCi/g, 1.07 pCi/g, 2.73 pCi/g, and 8.43 pCi/g, respectively. At more than 5.3 m(17.5 f)
bgs, the contaminant concentrations were less than I pCi/g.

Maxinum plutonium concentration: 4,840 pCi/g.

Maximum Am-241 concentration: 919 pCi/g.

Maximum nitrate concentration: 43 mg/kg
Nitrite was detected 3 to 5.3 m (10 to 17.5 ft) bgs with the maximum concentration of 43 mg/kg at a depth of 3 m (10 11), decreasing

ith depth to 5,3 m (17.5 ff). TPH was detected 3.0 to 3.8 m(10 to 12.5 f) bgs ata concentration of 27 mg/kg. Molybdenumis the
only inorganic metal that exceeded screening levels in soil samples from borehole C3808, detected 46 to 47 to (152 to 154.5 ft) bgs at

.82 mg/kg.

Plutonium-239, at a depth of 2.9 m (9.5 f5) bgs, was the primary manufactured contaminant identified during logging, estimated at
21,400 pCi/g. Contamination was not detected more than 3.4 m (11 ft) bgs with the RLS. Effluent volume discharged to the Z-Ditch
aea is not known; therefore, impact to groundwater from the volume of effluent discharges is not known. Contaminants associated with
Z-Ditch effluents were not detected below 12.2 m (40 ft). The Z-Ditches mainly were used to channel wastewater to areas of infiltration
ather than to percolate wastewater

From a groundwater perspective, remedial investigations at other OU waste sites suggest that infiltration beneath ditches used to channel
wastewater typically is very limited(DOFJRL-99-07). Results of216-Z-11 Area modeling indicate that contaminants do not reach
goundwater.

)ne important factor to consider in the determination that sites are analogous to the 216-Z-11 Ditch is the proximity of the 216-Z-1 1 and
116-Z-19 Ditches, the 216-Z-20 Ditch Replacement Tile Field, and the lower portion of the 216-Z-iD Ditch. They are close enough for
tll of these ditches to be coveredby the characterization efforts and results obtained for the representative site (216-Z-1 1 Ditch).

Analogos waste sites to be evaluated by the 216-Z-1l Ditch model

216-Z-1D The 216-Z-1D Ditch is an The ditch received waste from -- - .- - - - - - 1,000 2,400 The 216-Z-lD Ditch is analogous to the 216.Z-11 Ditch as indicated by construction, location, source of waste received and point of

mnlined ditch, in operation the PFP 231-Z, 234-5Z, and Efluent discharge, and is analogous because of the following.
Ditch rom 1944 to 1959,backfilled, 291-Z process sewers The volume to 1. Constmction and waste site configuration are similar (unlined ditches).

and surface stabilized in 1959. 216-Z-iD Ditch is classified as a re volume 2. The 216-Z-ID Ditch received waste from a similar source 234 SZ Building) and discharged to the 216-Z-11 Ditch.
rhe ditch is 1,295 by 1.22 mo RU disposal site. rto is <1:1
4,250 by 4 ft) and 0.6 m (2 5t) 3. The contaminant inventory is bounded by the 216-Z-1 I Ditch.
Jeep. 4, The geology ofboth sites is similar.

5. The extent of contamination spread is bounded by the 216-Z-11 Ditch.

6. The effluent volume discharged to this crib and contaminant distribution are expected to be similar to the 216-Z-I I Ditch;
therefore, the potential for groundwaterimpactis low. From a groundwater perspective, remedial investigations at other OU
waste sites suggest that infiltration beneath ditches used to channel wastewater typically is very limited (DOFRL-99-07).

e important factor to consider in the determination that the 216-Z-1-D Ditch is analogous to the 216-Z-11 Ditch is the proximity of
216-Z-11 and 216-Z-19 Ditches, the 216-Z-20 Ditch Replacement Tile Field, and the lower portion of the 216-Z-iD Ditch. They are

lose enough for all of these ditches to be covered by the characterization efforts and results obtained for the representative site
(216-Z-I1 Ditch).
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Table 2-2. Representative Sites and Associated Analogous Waste Sites. (17 Pages)

Waste Site Contaminant Inventory"' Effluent Soil Pore Rationale

Waste Site Configuration, Site and Discharge Total Total Am-241 Cs-137 Sr-90 Ferro- Nitrate Volume Volume
Construction, and History Uranium Plutoniun (CO (Ci) (Ci) cyanide (kg)

Purpose (kg) (g) (kg)

216-Z-19 Th216-D-19 Ditch is an he ditch received waste from - 1,400 - - - -- -.- - - - The 216-Z-19 Ditch is analogous to the 216-Z-11 Ditch as indicated by construction, location, and point of discharge, and is analogous

unlined ditch, in operation the PFP 231-Z, 234-5Z, and 'Refernce: because of the following.
Ditch ftm 1971 to 1981, backfiled, 291-Z process mewem In 1976, WVIDs) 1. Construction and waste site configuration are similar (unlined ditches).

mdsurfa~ce stabilized in 198 1. btween 30and 60kg of
he ditch is 843 by 1.2m lutonium were released to the 2. The 216-Z-19 Ditch received waste from a similar source (234 5Z Building) and discharged to the 216-Z- I1 Ditch.

'2,765 by 4 ft) and 0.6 m (2 ft) ditch. The 216-U-19 Ditch was 3. The contaminant inventory is bounded by the 216-Z- II Ditch,
Jeep. There is 0.6 to 0.9 m rplaced in 1981 by the 4. The geology ofboth sites is simlar.
'2 to 3 ft) of clean cover over 216-Z-20 Ditch Replacement
he ditch. The ditch terminates Tile Field. 5. The extent of contamination spread is bounded by the 216-Z-1 I Ditch.
it the 216-U-10 Pond. 6. Groundwaterimpactis boundedby the 216-Z-1 1 Ditch. From a groundwaterperspective, remedial investigations at otherOU

waste sites suggest that infiltration beneath ditches used to channel wastewater typically is very limited (DOERL-99-07).

One important factor to consider in the determination that the 216-Z-19 Ditch is analogous to the 216-Z- 11 Ditch is the proximity of the
216-2-11 and 216-Z-19 Ditches, the 216-Z-20 Ditch Replacement Tile Field, and the lower portion of the 216-Z-ID Ditch. They are
close enough for all of these ditches to be covered by the characterization efforts and results obtained for the representative site

(216-Z-1I Ditch).

216-Z-20 The 216-Z-20 Ditch The 216-Z-20 Ditch - 0.148 1.01 0.086 0.063 - 3,400 3,800,000 22,000 The 216-Z-20 Ditch Replacement Tile Field is analogous to the 216-Z-11 Ditch as indicated by point of discharge and proximity to the

Replacement Tile Field is an Replacement Tile Field received Effluent representative site, and is analogous because of the following.
Ditch nbned ditch, in operation oling water, steam volume to 1. Construction and waste configuration am similar, although the 216-Z-20 Ditch Replacement Tile Field includes PVC

Replacement iow 1981 to 1995 that was xndensate, storm sewer, pore volume distribution piping that is backfilled with gravel.

Tile Field surdi 98 1.tis 463 by H1lsrwa, EDL RATDU tio-173:a 2. The 216-Z-20 Ditch Replacement Tile Field received waste from a similar source (234-5Z Building) and discharged to the

I t (1519 by 10 ft) with a rain waste from the following 216-Z-1I Ditch.

lepth of 2.9 m (9.5 ft). Three uildings: 234-5Z, 231-Z, 3. The contaminantinventory for this site is boundedby the 216-Z-11 Ditch.
erforated PVC pipes run the 291-Z, 232-Z, 236-Z, and

ength of the ditch, backflilled 736-Z. 4. The geology of both sites is similar.

with gravel and soil. 5. The extent of contamination spread is boundedby the 216-Z-11 Ditch.

6. Groundwater impact is bounded by the 216-Z-20 Ditch Replacement Tile Field. From a groundwater perspective, remedial
investigations at other OU waste sites suggest that infiltration beneath ditches used to channel wastewater typically is very
limited (DOE/RL-99-07).

One important factor to consider in the determination that the 216-Z-20 Ditch Replacement Tile Field is analogous to the
216-Z-.11 Ditch is the proximity of the 216-Z-11 and 216-Z-19 Ditches, the 216-Z-20 Ditch Replacement Tile Field, and the lower
portion of the 216-Z-ID Ditch. Theyare close enough for all of these ditches to be coveredby the characterization efforts and results
obtained for the representative site (216-Z-1 1 Ditch).

207-Z T 207-Z Retention Basin Te basin received steam -- - - - - -- - -T -- he 207-Z Retention Basin is analogous to the 216-Z-11 Ditch asindicated by source of waste received and point of discharge, and is

onsists of two concrete basins ondensate and cooling water analogous because of the following.

Retention within one concrete stricture. from the Z Plant Complex (PIF, I. Constriction and waste site configuration of the 207-Z Retention Basin (concrete basin) are dissimilar to the 216-Z-11 Ditch

Basin The basins are separated by a RECUPLEX, 291-Stack) and (unlined ditch).
0.3 m (1-ft)-thick concrete rleased it to the 216-Z- 1 and
all. Each basin contains a 16-Z-11 Ditches 2. The 207-Z Retention Basin transfbred waste to the 216-Z-1 I Ditch.

sump with a sump pump. The 3. The contaminant inventory for this site is bounded by the 216-Z-11 Ditch.
oncrete stricture is 15 by 4. The geology ofboth sites is similar.
12 m (50 by 40 f) and 3.1 m
10 ft) deep and was in 5. Extent of contamination is bounded by the 216Z-I I Ditch, however, a review of associated documentation does not reveal

peration from 1949 to 1959. contamination spread outside of the basin.

6. Groundwater impact is bounded by the 216-Z-1I Ditch, however, a review of associated documentation does not reveal
contamination spread outside of the basin and potential for groundwater impact is low.
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Table 2-2. Representative Sites and Associated Analogous Waste Sites. (17 Pages)

Waste Site
Configuration,

Construction, and
Purpose

UPR-200-W-l10 is a narrow
trench east of, and adacent to,
the 216-Z-1 1 Ditch. It
received contaminated backfill
material generated during the
construction ofthe 216-Z-19
Ditch. The contarmated
backfill was from the 216.Z-1
Ditch. This trench is within the
same underground radioactive
material zone as the 216-Z-11
Ditch. This one-time release
,ccurred in 1971 and is 130 m
:425 ft) long and 4.6 m (15 ft)
Jeep.

Site and Discharge
History

PPR-200-W-110 waste
triginated firom the
216-Z-1 Ditch.

Total
Uranium

(kg),

Total
Plutoniun

(g)

Contaminant Inventory",2

Am-2411
(O

Cs-137
(Ci)

Sr-90
(Ci)

Ferro-
cyanide

(kg)

Nitrate
(kg)

Effluent
Volume

(i)

Soil Pore
Volume

(m')

Rationale

UPR-200-W-110 is analogous to the 216-Z-11 Ditch as indicated by source of waste received and proximity to the 216-Z-1 1 Ditch, and
is analogous because of the following.

1. Construction is similar (unlined) but configuration is different (sludge disposal trench vs. liquid transfer ditch).
2. UPR-200-W-1 10 received contaminated soil, excavated during construction of the 216-Z-19 Ditch, which is analogous to the

216-Z-11 Ditch.

3. The contaminant inventory for this site is bounded by the 216-Z-1 1 Ditch.

4. The geology of both sites is similar.

5. The extent of contamination spread is bounded by the 216Z-1 1 Ditch; however, because of the form of material exposed
(contaminated soil), the extent of contamination spread will be lower.

6. Groundwater impact is bounded by the 216-Z-11 Ditch.

Rersnatv h ____ _____ .______ __n__- ______1______________________________________________________

The 216-A-25 Gable Mountain
Pond was a 29-ha (71-a) pond
ocated in a natural depression
north of the 200 Ares pedimetet
fence. The pond operated from
1957 to 1987. The site no
onger receives effluent and
has an existing soil cover
consisting of sand and gravl
tht ranges from 0.9 to4 m (3
o 13 ft) thick.

The pond received cooling water
and other low-level radioactive

ffluents from 200 East Aa
facilities, including the 207-A

'oith Retention Basin.

878

Analogous waste sites to be evaluated by the 216-A-2S Gable Mountain Pond model

207-A North
Retention
Basin

The 207-A North Retention
Basin consists of three
Hypalon-lined, concrete
basins. Before the liner was
installed, the basins had been
posted as a Contamination
Area, but currently there is no
radiological posting. Each
basin is 16.8 by 3.0 by 2.1 m
(55 by 10 by 7 fl) (total 50.3 m
(165 ft) long) and was in
Dperation from 1977 to 1999.

The basins received steam
condensate from the
242-A Evaporator, and then it
was transferred to the
216-A-25 Crib or the 216-B-3
Pond.

428 307,000,000 689,620

Ef fluent
volume to

u=445

Charcterization is described in DOE/RL-2000-35.
Contaminant Distribution

Radionuclides detected include Am-241, Cs-137, Co-60, Sr-90, Pa-239/240, Tc-99, and Eu-154. The greatest level of contamination at
Gable Mountain Pond typically is detected and associated with the pond bottom; however, Sr contamination extends to a depth of
11.3 m (37 ft). Contaminant concentration decreases with depth below the pond bottom, with one exception (Sr-90).

Strontium-90 and Cs-137 are the major radiological contaminants at the 216-A-25 Gable Mountain Pond and were the only
cntaminants detected at depths greater than 4.6 m (15 11) bgs in significant concentrations. The maximum concentrations of Sr-90 and

s-137 are 58.8 pCi/g and 7,180 pCi/g, respectively. The maximum activity of Cs-137 was associated with the bottom of the pond. The
istribution of Sr-90 does not appear to correlate with a particular stratigraphic horizon and was detected throughout the vadose zone at

ncentrations ranging from not detected to 58.8 pCi/g. The activities of other radiological contaminants typically were less than 2
>Ci/g with few exceptions and commonly were observed at less than 4.6 m (15 11) bgs.

Waximum Cs-137: 58.8 pCi/g.

Maximum Sr-90: 7,180 pCi/g.

Cesium-137 was the only manmade radionuclide detected inboreholes a4jacentto the 216-A-25 Gable Mountain Pond. Activities
unged between 0.25 and 0.4 pCi/g and typically occurred less than 1.1 m (3.5 ft) bgs. However, a single detection occurred in borehole

699-55-SOD ata depth of 1.8 m(59.5 ft).

iroundwater has been impacted by discharges to the pond, most notably a UPR of 7,500 Ci of Sr-90 in 1964 (UPR-200-E-34). A Sr-90
grundwater plume currently is located on the northeast side of the pond The plume shows virtually no movement because the water
table is very flat The plume, which had a maximum concentration of 1,210 pCi/L in 2001, is not expected to move beyond its curent
ocation. Continued or future impacts to groundwater are not expected at this site, based on the low concentrations of mobile
cntaminants remaining in the soils and the limited infiltration/driving force to move contaminants from the vadose zone to the
goundwater.

The 207-A North Retention Basin is analogous to the 216-A-25 Gable Mountain Pond as indicated by source of waste
received (242-A Evaporator Facility) and point of discharge, and is analogous because of the following.

1. Construction and waste site configuration of the 207-A North Retention Basin (concrete basin) are dissimilar to the
216-A-25 Gable Mountain Pond (unlined pond).

2. The 207-A North Retention Basin transferred waste to the 216-A-25 Gable Mountain Pond.

3. The contaminant inventory for this site is bounded by the 216-A-25 Gable Mountain Pond.

4. The geology is significantly diferent (much thicker layer of basalt below the 216-A-25 Gable Mountain Pond).

5. Extent of contamination spread is bounded by the 216-A-25 Gable Mountain Pond, Review of associated documentation does
not indicate that contamination spread outside of the basin,

6. Groundwater impactis boundedby the 216-A-25 Gable Mountain Pond. Because of the Hypalon liner installed in the
207-A North Retention Basin and no documentation of basin leakage, the potential impact to groundwater is negligible.
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Table 2-2. Representative Sites and Associated Analogous Waste Sites. (17 Pages)

Waste Site Contaminant Inventory' Effluent Soil Pore Rationale

Waste Site Configuration, Site and Discharge Total Total Am-2411 Cs-137 Sr-90 Ferro- Nitrate Volume Volume

Construction, and History Uranium Plutonin (Ci) (Ci) (Ci) cyanide (kg)
Purpose (kg) (g) (kg) __ _

Repnesentatl'e Shte _____________ ___________________________________________

216-T-26 The 216-T-26 Crib consists of Tank Farm/T Plant(bismuth 150 59 -- .. -. -- 1,000,000 12,000 680 Investigated in 2001 under DOE/RL-2000-38. Characterization is described in DOFRL-2002-42 for thisrepresentative site.

four 1.2 m(4 ft) diameter by hosphate/lanthanum fluoride): ffluent ,ontaminant Distribution
Crib 1.2 m (4 ft) length concrete 1955-1956. The crib received fl n Cotim tDsrbuo

Culverts, buried vertically with i-st-cycle scavenged volume to Most of the contamination is in a 16.5-ft zone below the bottom of the crib at 18 ft The main zone of contamination extends from 18 to

:etrsspaced 4.6m(5ly) wt ernatant waste from the re volume 36.5 ft (5.5 to ll m) bg The predominant contaminantis Cs-137. The lower portion of this zone is the approximate top of the Cold

:rin a 9 4. 6 lb 1 ).6m 21-TaBuilding via an ratio=18:1 reek unit, where only Tc-99 and H-3 were detected greater than 28.8 m (94.5 ft) bgs. Concentrations were less than 4 pCi/g each in

'30 by 30 by 15 ft) excavation. aderground pipeline and the this zone.

16-TY-201 Flush Tank after Maximum Cs-137 concentration occurs from the release site bottom andgenerally decreases with depth to 11 m (36.5 ft); however, the
ascading through the maximum concentrations of most contaminants occurred in the lower portion of this contaminated zone 34 to 36.5 ft (10.4 to 11 m) bgs.
41-TY-10, 241-fl'-t03, and
41-TY-104 tanks. Italso aximumCs-137 concentration: 47,900pCi/g.

ceived scavenged BiPO4  Maximum Sr-90 Concentration: 49,100 pCi/g.
olvent extraction waste from ignificant reduction in the levels of contamination is associated with top of the sand-dominated sequence of the Hanford formation and
'in plant and "in tahk fern, eColdCreek unit RLS detected Cs-137 from near the surface to a depth of 128 ft(39 m) bgs. Log data indicate that most of the

cavenging operations. -s-137 was detected from 18 to 91 ft (5.5 to 27.7 m) bgs andis distributeddeeper in the vadose zone toward the south end ofthe site.
Fhe maximum concentration detected by RLS is estimated to be greater than 3,000 pCilg.

4nalogous Waste Ske to be evaluated by the 216-T-26 Crib model

216-T-36 Fh.216-T-36 Crib consists of 'he crib received steam 1.18 2.48 -- 3.79 4.36 -- -- 522 3,810 The 216-T-36 Crib is analogous to the 216-T-26 Crib as indicated by process history and is analogous because of the fbllowing.

rib singe distribution pipe in a :ndensate, decontamination ss than ess than rep Less than rep Lss than rep 1. Construction and waste site configuration are sirilar.

nri. Backfill covers the r m the 221-T and rep site site se site 2. The 216-T-36 Crib replacedthe 216-T-26 Trench and received waste from the 221-T Building, similar to the 216-T-26 Trench.

ipe and gravel. A long, 21-U Buildings, and Effluent 3. The contaminant inventory for this site is reflective of the 216-T-26 Crib.
urow area of posted 706-T Building v e4 to

utamination adjacent to the econtamination waste. The re volume 4. The geology ofboth sites is similar.
:st side of the crib appears to 16-T-36 Crib replaced the atio is 5. The extent of contamination spread is boundedby the 216-T-26 Crib but is significantlyless because it was in service fora much

x located over the buried 16-T-26 Crib. <1:1 (less shorter period and received only 4 percent of the waste.

cipeline that fed m r6bT thehrb rep site) 6. Groundwaterimpactis boundedby the 216-T-26 Crib. The contaminant inventory and small amount of discharge as compared
b is 49 by 3.1 m(16O by to the pore volume suggests a low potential to effect groundwater.

10 f) and 4.6 in(15 f) deep,
ad was in operation from
1967 to 1970 or 1973.

200-W-79 The 200-W-79 Pipeline is a Waste was received from -- -- -- -- -- -- -- -- -- he 200-W-79 Pipeline is analogous to the 216-T-26 Crib as indicated by process history and is analogous because of the following.

. 10 cm (4-in.) vitrified clay T Plant and U Plant effluent 1. Construction and waste site configuration of the 200-W-79 Process Sewer (vitrified clay pipe) are dissimilar to the 216-T-

Pipe ne underground pipeline that fed discharges to the 241-T-151 26 Crib (buried concrete culverts).
-ipelne2s-T-3 00Crb 73T R)2v6rs-36Brx, tn ihs .sso d 2. The 200-W-79 Pipeline transferred waste to the 216-T-36 Crib, which replaced the 216-T-26 Crib and received waste from the
ipeline is 225.00 in (738 f) 216-T-36 Crib, and is associated 21TBidns iia ote26T2 rb

ong and buried 3.1 m (10 ft) with a 10 cm (4-in.) diameter, 221-T Buildings, similar to the 216-T-26 Crib.

deep. vitrifled clay pipeline, and 3. The contaminant inventory for this site is bounded by the 216-T-26 Crib.

adjacent soil. 4. The geology of both sites is similar.

5. The extent of contamination spread is bounded by the 216-T-26 Crib.

6. Groundwater impact is bounded by the 216-T-26 Crib.
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Table 2-2. Representative Sites and Associated Analogous Waste Sites. (17 Pages)

Waste Site Contaminant Inventory 2

Waste Site Configuration, Site and Discharge Total Total -241 Cs-137 Sr-90 Ferro- Nitraaste e Construction, and History Uranium Plutoniu (C) (CI) (Cl) eyanide (kg)
Purpose (kg) (g) (kg)

*Hypalon is a registered trademark of Dupont Dow Elastomers Limited Liability Company, Wilmington, Delaware.

Effluent Soil Pore

d Volume Volume
( a?) ( *

'Reference: DOFIRL-96-81, unless otherwise noted.
2TBP and Na 2Cr207 normally would be listed as a contaminant; however, TBP and Na 2Cr2O7 are not present in this 200-CW-2 OU waste site.

DOE/RL-2000-35, 200-CW-1 Operable Unit Remedial Investigation Report.
DOE/RL-2000-38, 200-TW-I Scavenged Waste Group Operable Unit and 200-TW-2 Tank Waste Group Operable Unit RI/FS Work Plan.
DOE/RL-2002-42, Remedial Investigation Report for the 200-TW-1 and 200-TW-2 Operable Units (Includes the 200-PW-5 Operable Unit).
DOE/RL-2003-1 1, Remedial Investigation Report for the 200-CW-5 U Pond/Z Ditches Cooling Water Group, the 200-CW-2 S Pond and Ditches Cooling Water Group, the 200-CW-4 T Pond and Ditches Cooling Water Group, and the 200-SC-1 Steam Condensate Group

Operable Units.
DOE/RL-96-81, Waste Site Groupingfor 200 Areas Soil Investigations.
DOE/RL-99-07, 200-CW-J Operable Unit RI/FS Work Plan and 216-B-3 RCRA TSD Unit Sampling Plan.
PNNL-13788, Hanford Site Groundater Monitoringfor Fiscal Year 2001.
WHC-EP-0698, Groundwater Impact Assessment Report for the 216-U-14 Ditch.

below ground surface.
counts per minute.
disintegrations per minute.
Hanford Engineering Development Laboratory.
operable unit.
Plutonium Finishing Plant
Plutonium Isolation Facility.
Plutonium-Uranium Extraction Plant.
polyvinyl chloride.
Radioactive Acid Digestion Test Unit.
Recovery of Uranium and Plutonium by Extraction Plant.
Reduction-Oxidation Plant.
radionuclide logging system.
tributyl phosphate.
Treated Effluent Disposal Facility.
total petroleum hydrocarbon.
Waste materials contaminated with 100 nCi/g of transuranic materials having half-lives longer than 20 years.
unplanned release.
Underground Radioactive Material (area).
Waste Information Data System.

W

Rationale

bgs
c/min
d/min
HEDL
OU
PFP
PIF
PUREX
PVC
RATDU
RECUPLEX
REDOX
RLS
TBP
TEDF
TPH
TRU
UPR
URM
WIDS
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Table 2-3. Waste Site Risk Summary. (2 Pages)
lIsk Elemest 216-U-10 Ond 216-U-14 Ditch 216-Z-11 Ditch 216-A-25FNSd 216-T-26Crib

Does the site meet human health prliminary remediation goals - chemicals?

Are concentrations less
don WAC 173-340-7457 Y Y

Does the site meet human health preliminary remediation goals - radionuclides?
Assumes that no credit is takenfor the protectiveness ofthe existing cover

Does the waste site met
humanhealthPRGsfor No No No No Yes
radionuclides?

No contamination
Dose at 0 years (rem/yr) 2.7 x 10 3  1.4 x 103  4.5 x 10 4  1.1 x 10111 from 0 to 4.6 m

(0 to 15 ft)
Primtay radionuclides that Cs-137 Cs-137 Pu-239 Cs137 NA
contribute dose, 0 years

Dose at 0 years 95 47 4.2 x 10' 119) NA(niremyr) ______

Primmy radionuclides that Cs-137 Cs-137 Pu-239 Cs-t37 NA
contribute dose, 150 years

Doat 1,000 years 8.2 1.8 3.4x104  
4.30 NA(nlremlyr)

Primary radionuclides that
contribute dose, Th-232 K-40 Pu-239 Th-230 NA
1,000 years

Does the site meet human health preliminary remediation goals - radionuclides?
Assumes that the existing coverprovides some protection.

Does the waste site met
humes health PRGs for Yes Yes Yes Yes Yes
rsdionuclides?

Not modeled. No

Dose at 0 years (mmem/yr) 0.52 1.6 x 10'6 4.3 x 10-2 5.7 x 10"') contanination
from 0 to 4.6 m (0

to 15 ft)
Primary radionuclides that Cs-137 [-40 Ra-226 Cs-lW N/A
contribute dose, 0 years

Dos at 150 years 0.163 9.2 x 10^" 0.25 3.1 x 10-" N/A(nnmmyr)

Primary radionucides that Cs-137 K-40 Ra-226 Cs-137; Ra-226 N/Acontribute dose, 150 years

Doc a 1,000 years 8.2 5.1 x 10f" 3.4 x 10 4.4 N/A(wn/year) _ _ _ _

Primary radionuclides that
contribute dose, Th-232 K-40 Pu-239 Th-230 N/A
1,000 years

Does the site meet groundwater protection preliminary remediation goals - chemicals?

Ans groundwater
protection standards
exceeded based on initial Yes No Yes No ( Yes
screedumg?

Chemicals predicted to Cyad, fluoride, Cyanide, nitate,
reach groundwater above Cyameiu ' None None Not mdeled nitrite
MCL

Groundwater protection Yes Yes No No Yesrequired?I
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Table 2-3. Waste Site Risk Summary. (2 Pages)
Risk Eleaent 216-U-IONS 214-U-14 Ditch 2I-Z-I1 Ditch flE-A-2SPnd 216-T-26Crib

Does the site meet grmundwater pmection preliminary remediation goals - radionuclides?
An groundwater
protection standards
exceeded based on initialYes No No Yes
screening?

Radionuclides predicted to 8.79, Tc-99
reach groundwater above U-233/234, U-235, U-233/234 235/238, None Not modeled 0-233/234/238,
MCL U-238 To-f Tc-99, Pu-239
Groundwater o Yes Yes No No Yes
required?

Does the site meet ecological preliminary remediation goals - chemicals?
Ae concentrations less N Y Y
than ecological PRGs? No Yes Yes No Yes

Constituents that exceed ANoenic,
PRGs Selenium None None barium, None

____________selenium

Does the site meet ecological preliminary remediation goals - radionuclides?
Are concentrations less No No No No
than ecological PRGs? Yes

Am-241, Cs-137,
Constituents that exceed Cs-137 Pu-238, Pu-239, Cs-137
PRGs Cs-137, Sr-90 Pu-239/240, None

Ra-226 Sr-90
Sr-90

Ecological protection Yes NJ1
3 NYs

required? N Yes No

Does the site meet innmder preliminary remediation goals - radionuclides?

rdionuclidesafter Yes Yes No Yes Yes
500 years? I

NOTE: This table presents a summnwy ofthe constituents identified as primary risk contributors in Appendix C and the constituents
identified as a potential groundwater prtection concem as discussed in Section 4.6 ofthe RI Report. RESRAD input parameters are provided
m Appendix C. Appendix E contains intruder risk analysis.

1. The 216-A-25 Gable Mountain Pond Site used different statistics and comparison standards than the other sites. See
DOE/RL-2000-35, 200-CW-l Operable Unit Remedial Investigation Repor, for details.

2. The 216-A-25 Gable Mountain Pond Site used different assumptions and exposure scenarios than were used for the other sites. The
reported values are conservative with respect to the values reported for the other sites.

3. Although some constituents exceed PRGs, exposure to contaminants in the ditches would tend to he minor relative to the entire areaused by an animal because the ditches encompass relatively small areas and have a narrow linear shape such that the contaminated area wouldtypically comprise only a small portion of an animal's home range (i.e., it would be highly unlikely that any individual animal would use onlythe ditch for foraging, shelter, etc.).
4. STOMP results indicate that gruundwater protection standards will not be exceeded.

WAC 173-340-745, "Soil Cleanup Standards for Industrial Properties."

MCL
OU
N/A
PRG
RESRAD
RI

= maximum contaminant level.
= operable unit
= not applicable.
- preliminary remediation goal.

RESidual RADioactivity (dose model).
- remedial investigation.
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Table 2-4. Timeframes to Reach Human Health Radiological Preliminary Remediation Goals
Through Natural Attenuation.

Waste Site Contaminant Time to Reach Human Health
PRGs* (years)

216-U-10 Pond Sum of all radionuclides 280

216-U-14 Ditch Sum of all radionuclides 210

216-Z-11 Ditch Sum of all radimuclides >1,000

216-A-25 Gable Mountain Pond Sum of all radionuclides <150

216-T-26 Crib None Not applicable
*Timrframs to reach pmliminary rernediation goals are based on RESRAD nndeling and the no-cover scenario.

PRG = preliminary renediation goal.
RESRAD = RESidual RADioactivity (dose model).
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Table 2-5. Timeframes to Reach Radiological Ecological Preliminary Remediation Goals
Through Natural Attenuation.a

Waste Site Contaminant Time to Reach Ecological
PRGs (years)

216-U-10 Pond Cs-137 and Sr-90 280

216-U-14 Ditch Cs-137 Not applicable. Because of
to site-specific conditions
given in Section 2.7,
negligible ecological risks
exist at this site.

216-Z- II Ditch Am-241, Cs-137, Pu-238, Not applicable. Because of
Pu-239, Pu-239/240, Ra-226, site-specific conditions

Sr-90 given in Section 2.7,
negligible ecological risks
exist at this site.

216-A-25 Gable Mountain Pond Cs-137 and Sr-90 <150

216-T-26 Crib None Not applicable.
Concentrations already are
below PRGs.

aTimeframes to reach preliminary ranediation goals are based on the no-cover scenario.
b1 t is assumed that timeframes to reach human health PRGs also are ecologically protective.

N/A = not applicable.
PRG = preliminary remediation goal.
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Table 2-6. Timeframes to Reach Groundwater Protection Preliminary Remediation Goals

Time to Reach Groundwater
Waste Site Principal Contaminant Protection Preliminary

Remediation Goals (years)

Nonradiological Nonradiological
cyanide, fluoride, total >1,000 years
uranium

216-U-TO Pond
Radiological Radiological
Se-79, Tc-99, uranium >1,000 years
isotopes

Nonradiological Nonradiological
sulfide N/A

216-U-14 Ditch
Radiological Radiological
Tc-99, uranium isotopes >1,000 years

Nonradiological Nonradiological
None N/A

216--11 Ditch
Radiological Radiological
None N/A

Nonradiological Nonradiological
216-A-25 Gable Mountain Not modeled Not modeled
Pond Radiological Radiological

none N/A

Nonradiological Nonradiological
cyanide, nitrate, nitrite 250 years

216-T-26 Crib Radiological Radiological
Tc-99, uranium isotopes >1,000 years
U-233/234/238

N/A = Not applicable. Concentrations aheady are below preliminary remediation goals.
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Table 2-7. Intruder Risk and Dose Summary.

Intruder Dose at 150 Years Intruder Dose at 500 Years
(mrem/year) (Inrem/year)

216-U-10 Pond 3.5 0.12

216-U-14 Ditch 1.8 1.4 x 10 3

216-Z-11 Ditch(*) 5.5 x 103 5.4 x 10 3(*)

216-T-26 Crib 35 0.97
216-A-25 Pond 7.4 0.017

'Represents the maximum among the 216-Z ditches.
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CHAPTER 3.0 TERMS

ARAR
BCG
CERCLA

CLARC

COC
COPC
DOE
ELCR
EPA
FS
HCP

IAEA
ICRP
Implementation Plan

MCL
N/A
NEPA
OU
PRG
RAO
RCRA
RESRAD
ROD
RI
STOMP
TSD

applicable or relevant and appropriate requirement
biota concentration guide
Comprehensive Environmental Response, Compensation, and
Liability Act of 1980
Cleanup Levels and Risk Calculations under the Model Toxics
Control Act Regulation (CLARC Version 3.1) (Ecology 94-145)
contaminant of concern
contaminant of potential concern
U.S. Department of Energy
excess lifetime cancer risk
U.S. Environmental Protection Agency
feasibility study
Final Hanford Comprehensive Land-Use Plan Environmental
Impact Statement (DOIBIS-0222-F)
International Atomic Energy Agency
International Commission on Radiological Protection
200 Areas Remedial Investigation/Feasibility Study
Implementation Plan - Environmental Restoration Program,
DOE/RL-98-28
maximum contaminant level
not applicable
National Environmental Policy Act of 1969
operable unit
preliminary remediation goal
remedial action objective
Resource Conservation and Recovery Act of 1976
RESidual RADioactivity (dose model)
record of decision
remedial investigation
Subsurface Transport Over Multiple Phases (code)
treatment, storage, and/or disposal (unit)
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3.0 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES
AND PRELIMINARY REMEDIATION GOALS

This chapter defines the land use for the 200-CW-5 Operable Unit (OU), 200-CW-2 OU,
200-CW-4 OU, and 200-SC-I OUs and the region, and defines the remedial action objectives
(RAO) and preliminary remediation goals (PRG). DOEIRL-98-28, 200 Areas Remedial
Investigation/Feasibility Study Implementation Plan - Environmental Restoration Program
(Implementation Plan); DOF/RL-99-66, Steam Condensate/Cooling Water Waste Group
Operable Units RI/FS Work Plan; Includes: 200-CW-5, 200-CW-2, 200-CW-4, and
200-SC-1 Operable Units; and DOB/RL-2003- 11, Remedial Investigation Report for the
200-CW-5 U Pond/Z Ditches Cooling Water Group, the 200-CW-2 S Pond and Ditches Cooling
Water Group, the 200-C W-4 T Pond and Ditches Cooling Water Group, and the 200-SC-I Steam
Condensate Group Operable Units (200-CW-5 OU remedial investigation (RI) report), provide
initial information on these items for the 200 Areas waste sites. For this feasibility study (FS),
Implementation Plan (DOERL-98-28) information was compared to data collected during the RI
activities and refinements were made as appropriate for the waste sites in this FS.

The RAOs are media-specific or OU-specific objectives for protecting human health and the
environment. The RAOs are developed considering land use, contaminants of potential concern
(COPC), potential applicable or relevant and appropriate requirements (ARAR), and exposure
pathways (conceptual model). The RAOs also specify remediation goals so that an appropriate
range of remedial options can be developed for evaluation. This chapter describes the elements
used to develop the RAOs and presents the RAOs and remediation goals used to evaluate
alternatives.

The RAO process begins by identifying potential future land use and the COPCs for
representative waste sites followed by refinement of COPCs to contaminants of concern (COC)
once sampling and analysis are completed. This information ensures that the remedial
alternatives being considered can adequately address the types of contaminants present, and it
facilitates refinement of potential ARARs. The RAOs also provide the basis for developing the
general response actions that will satisfy the objectives of protecting human health and the
environment. The RAOs are defined as specifically as possible without limiting the range of
general response actions that can be applied.

3.1 LAND USE

To identify appropriate cleanup objectives, the future land use of a site must be considered.
Current and future land uses of the 200 Areas and the Central Plateau are discussed in the
following sections.

3.1.1 Current Land Use

All current land-use activities associated with the 200 Areas and the Central Plateau are
industrial in nature. The facilities located in the Central Plateau were built to process irradiated
fuel from plutonium production reactors located in the 100 Areas. Most of the facilities directly
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associated with fuel reprocessing are now inactive and awaiting final disposition. Several waste
management facilities operate in the 200 Areas, including permanent waste disposal facilities
such as the Environmental Restoration Disposal Facility, low-level radioactive waste burial
grounds, and a mixed-waste trench permitted under the Resource Conservation and Recovery Act
of 1976 (RCRA). Construction of tank waste treatment facilities in the 200 Areas began in 2002,
and the 200 Areas are the planned disposal location for the vitrified low-activity tank wastes.
Past-practice disposal sites in the 200 Areas are being evaluated for remediation and likely are to
include institutional controls (e.g., deed restrictions or covenants) as part of the selected remedy.
Federal agencies other than the U.S. Department of Energy (DOE), e.g., the U.S. Department of
the Navy, use the Hanford Site 200 Areas nuclear waste treatment, storage, and disposal (TSD)
facilities. A commercial low-level radioactive waste disposal facility, operated by US Ecology,
Inc., currently operates on a portion of a tract in the 200 Areas leased to the State of Washington.

The DOE-selected land use for the 200 Areas, documented through the land-use record of
decision (ROD) (64 FR 61615, "Record of Decision: Hanford Comprehensive Land-Use Plan
Environmental Impact Statement (HCP EIS)," is industrial (exclusive) for sites located within
the exclusive-use boundary (Core Zone).

According to DOEIEIS-0222-F, Final Hanford Comprehensive Land Use Plan Environmental
Impact Statement (HCP), industrial (exclusive) land use would preserve DOE control of the
continuing remediation activities and would use the existing compatible infrastructure required
to support activities such as dangerous waste, radioactive waste, and mixed-waste TSD facilities.
The DOE and its contractors and the U.S. Department of Defense and its contractors could
continue their Federal waste disposal missions; and the Northwest Interstate Compact for
Low-Level Radioactive Waste Management could continue using the US Ecology, Inc., site for
commercial radioactive waste. Research supporting dangerous waste, radioactive waste, and
mixed-waste TSD facilities also would be encouraged within this land-use designation. New
uses of radioactive materials, such as food irradiation, could be developed and the products could
be packaged for commercial distribution under this land-use designation.

3.1.2 Anticipated Future Land Use

The reasonably anticipated future land use for the Core Zone, shown in Figure 1-1, is continued
industrial (exclusive) activities. Eventually, portions of the Core Zone may be used for
non-DOE-related industrial uses. The DOE worked for several years with cooperating agencies
and stakeholders to define land-use goals for the Hanford Site and develop future land-use plans
(Drummond 1992, The Futurefor Hanford Uses and Cleanup, The Final Report of the Hanford
Future Site Uses Working Group). The cooperating agencies and stakeholders included the
National Park Service, Tribal Nations, states of Washington and Oregon, local county and city
governments, economic and business development interests, environmental groups, and
agricultural interests. These efforts were initially reported by Drummond (1992) and culminated
in the HCP (DOE/EIS-0222-F) and associated ROD (64 FR 61615), which were issued in 1999.
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The Future Site Uses Working Group was organized by Federal, Tribal, state, and local
governments with jurisdictional interests in the Hanford Site. The Working Group was charged
with three related tasks:

. Examine the Hanford Site and identify a range of potential future uses for the Site

* Select appropriate cleanup scenarios necessary to make these future uses possible in light
of potential exposure to contamination, if any, after cleanup

. Look for convergences among the Working Group's cleanup scenarios for any priorities
or criteria that could prove useful in focusing or conducting the cleanup of the
Hanford Site.

The Working Group agreed to seven findings from their activities.

. The Hanford Site is important. The Hanford Site has played a significant role in
history and continues to be of major economic influence to the area. Cleanup efforts at
the Hanford Site, including technology research, may benefit other DOE sites and
environmental restoration activities worldwide. Plausible future uses identified include
agriculture; industrial and economic development; wildlife and habitat preserves;
environmental restoration and waste management activities; public access and recreation;
and Native American uses such as hunting, gathering, and religious practices.

" Cleanup is now DOE's primary mission at the Hanford Site. As the mission at the
Hanford Site transitions from nuclear materials production to supporting national defense
to environmental restoration of the area, new challenges emerge for the DOE in the
conduct of business, involvement of the public, and accountability for its actions.
The Working Group emphasized moving forward with the cleanup and maximizing the
potential of the Hanford Site.

" The Hanford Site will change as cleanup proceeds. The Working Group envisioned
that the area requiring DOE control would shrink in size as the cleanup proceeds, with
portions of the site being turned over to other uses once they are no longer needed to
support the DOE mission.

" Both cleanup and future land uses face significant constraints. Volumes and variety
of contaminants and the associated risks pose constraints to the ultimate cleanup, as does
the current state of technologies to address these problems. Funding also was identified
as a constraint to the timeliness of the cleanup.

* Native American treaty rights exist. Treaties signed with the Yakima Indian Nation,
the Nez Perce Tribe, and the Umatilla, Cayuse, and Walla Walla Tribes reserved specific
rights to the tribes, including those related to hunting, fishing, gathering foods and
medicines, and pasturing livestock on open and unclaimed portions of the ceded land, in
common with citizens.
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* Uncertainty and risk surround the cleanup. The current uncertainty about the extent
of contamination and the ability of available technologies to address the contamination
has produced resulting uncertainties in the future land use.

. Time is a critical element in focusing the cleanup. The Working Group expressed a
desire that all of the Hanford Site could be used some day for activities other than waste
management, but also recognized that technical constraints could affect the timing of the
ultimate cleanup and potential future uses.

The Working Group identified nine major recommendations as a result of its efforts.

* Protect the Columbia River. Because of the significance of the Columbia River to the
region and the Pacific Northwest, the Working Group viewed protection of the river and
all of its uses as a high priority.

. Deal realistically and forcefully with groundwater contamination. Contaminated
groundwater is seen as a threat to the Columbia River and to potential future land uses.
The Working Group recommended restrictions on the use of groundwater if it would
jeopardize public safety and health. Members also recommended restrictions on the use
of groundwater or surface water, contaminated or not, if such use would adversely
change hydraulic conditions, increase the spread of contaminated plumes, or increase the
speed of contaminated groundwater flow to the river. The Working Group identified
areas where restrictions should be applied, recommended removing sources before they
reach groundwater, and recommended reducing or eliminating discharges to the soil and
treating groundwater.

* Use the Central Plateau wisely for waste management. The Working Group
recommended consolidation of Hanford Site wastes to the Central Plateau in as small an
area as possible. Additionally, waste disposed of at the Central Plateau should not
necessarily be considered permanent disposal. Members recommended a buffer zone to
reduce risks emanating from the waste management area.

* Do no harm during cleanup or with new development. The Working Group
recognized that the primary cleanup goal is the protection of human health and public
safety, but also noted that environmental values of the site are to be protected and
restored. Decisions made in the course of the cleanup and future uses should support
these goals and should result in decreased risks to public health and net benefits to the
environment. Activities should be guided by the principle "do no harm." Cleanup and
future development should be conducted to minimize impacts on plants and animals.

. Cleanup of areas of high future-use value is important. While the Working Group
supports the cleanup priorities (i.e., current threats to public health or the environment,
risk of catastrophic exposure, and technical feasibility) identified by the DOE and the
regulators, members also believe that areas of high future-use value should be considered
priorities for cleanup. These areas include the Columbia River corridor, the southeast
corner of the Hanford Site, areas north of the river, the Fitzner-Eberhardt Arid Lands
Ecology Reserve, and the western and northwestern portions of the areas outside the river
corridor and the 200 Areas.

3-4



DOE/RL-2004-24 DRAFT A

* Cleanup to the level necessary to ensure that the future-use option occurs. The
Working Group believed that "unrestricted" status would support all future-use options,
but believed that not all areas would need to be cleaned to unrestricted levels. In fact, the
members thought that, in some cases, cleanup to unrestricted levels would cause more
harm than good. The Working Group identified cleanup to levels that would be "clean
enough for industry" in part of the southeast corner of the site and "clean enough for
wildlife" in all other areas (those areas outside the river corridor and the 200 Areas).

* Transport waste safely and be prepared. The Working Group recognized that the
management and cleanup of waste at the Hanford Site will require shipment of these
wastes. Members believed that these shipments affect the public and that close
cooperation between the DOE and affected communities should be maintained. The
Working Group endorsed preparedness through regulatory means and the use of the
Hazardous Materials Management and Emergency Response training facility.

" Capture economic development opportunities locally. The Working Group urged the
DOE and its contractors to help create the potential for meaningful economic
development during cleanup, both onsite and offiite.

. Involve the public in future decisions about the Hanford Site. The Working Group
recommends that public involvement be incorporated in future decision making at the
Hanford Site.

Consistent with the activities of the Working Group, the HCP (DOE/EIS-0222F) was developed.
The HCP was written to address the growing need for a comprehensive, long-term approach to
planning and development on the Hanford Site because of DOE's separate missions of
environmental restoration, waste management, and science and technology. The HCP analyzes
the potential environmental impacts of alternative land-use plans for the Hanford Site and
considers the land-use implication of ongoing and proposed activities. In the HCP, the land-use
designation for sites inside the Core Zone, as shown in HCP Figure 2-233-1, is industrial
(exclusive [i.e., those areas suitable and desirable for TSD of hazardous, dangerous, radioactive,
and nonradioactive wastes, and related activities]).

Under the preferred land-use alternative selected in the ROD (64 FR 61615), the area inside the
Core Zone of the Central Plateau was designated for industrial (exclusive) use. The current
vision for all of the 200 Areas is that it will continue to be used for the TSD of hazardous,
dangerous, radioactive, and nonradioactive wastes. The HCP and ROD incorporate this vision in
the selected alternative, describe the means by which new projects will be sited, and focus on
using existing infrastructure and developed areas of the Hanford Site for new projects.
To support the current vision, the 200 Areas projects will maintain current facilities for
continuing missions, remediate soil waste sites and groundwater to support industrial land uses,
lease facilities for waste disposal (i.e., US Ecology, Inc.), and demolish facilities that have no
further beneficial use. Based on the HCP and associated ROD, and consistent with other
Hanford Site waste management decisions, this FS assumes an industrial land use for all the
waste sites, because they are within the Core Zone. Risk assessments for the industrial land use
are conducted considering a non-Hanford Site worker industrial receptor to bound the industrial
land-use exposure possibilities.
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3.1.3 Regional Land Use

Communities in the region of the Hanford Site consist of the incorporated cities of Richland,
West Richland, Kennewick, Pasco, and numerous other smaller communities within Benton and
Franklin Counties. The estimated population of the region in 2000 was 186,600, with the
population of Benton County being 140,700 and the population of Franklin County being 45,900.
There are no residences on the Hanford Site. The inhabited residences nearest to the 200 Areas
are farmhouses on land approximately 16 km (10 mi) north across the Columbia River. The City
of Richland corporate boundary is approximately 27 km (17 mi) to the south (PNNL-6415,
Hanford Site National Environmental Policy Act (NEPA) Characterization).

3.1.4 Groundwater Use

The HCP indicates that contamination in the groundwater would restrict use. Groundwater in the
Central Plateau currently is contaminated and is not withdrawn for beneficial uses. This FS
evaluates potential future impacts to groundwater from current vadose zone contaminants at the
representative sites, but does not evaluate groundwater remediation or risks. These issues will be
addressed through the evaluation of the groundwater OUs (e.g., 200-UP-1) and through other
sitewide assessments.

3.2 CONTAMINANTS OF POTENTIAL
CONCERN

Contaminants that have the potential to contribute significantly to site risk are referred to as
COPCs. Identification of COPCs is an important process because it determines the list of
contaminants for which further risk evaluations will be developed. Development of COPCs in
the data evaluation and risk assessment process is discussed in EPA/540/1-89/002, Risk
Assessment Guidancefor Superfund (RAGS), Volume I - Human Health Evaluation Manual
(Part A) Interim Final. Those contaminants that are COPCs are determined by comparing
contaminant concentrations with background, developing a set of data for use in risk assessment,
and (if appropriate) limiting the number of contaminants to be carried through a risk assessment
by risk-based screening or other methods. The evaluation of COPCs is presented in the RI report
(DOE/RL-2003-1 1) for the 216-U-10 Pond, 216-U-14 Ditch, and 216-Z-11 Ditch representative
sites; 200-CW-1 RI report (DOE/RL-2000-35, 200-CW-1 Operable Unit Remedial Investigation
Report) for the 216-A-25 Gable Mountain Pond representative site; and the 200-TW-1 RI report
(DOEIRL-2002-42, Remedial Investigation Report for the 200-TW-1 and 200-TW-2 Operable
Units (Includes the 200-PW-5 Operable Unit)) for the 216-T-26 Crib representative site.
This evaluation is presented in Appendix C for the analogous sites with data as part of the risk
assessment. Table C-I in Appendix C includes a summary of COPCs identified at each
representative waste site.

3.3 POTENTIAL APPLICABLE OR RELEVANT
AND APPROPRIATE REQUIREMENTS

Appendix B identifies the potential ARARs for the waste sites in this FS.
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3.4 REMEDIAL ACTION OBJECTIVES

The RAOs are descriptions of what the remedial action is expected to accomplish
(i.e., medium-specific or site-specific goals for protecting human health and the environment).
They are defined as specifically as possible and usually address the following variables:

. Media of interest (e.g., contaminated soil, solid waste)

* Types of contaminants (e.g., radionuclides, inorganic, and organic chemicals)

" Potential receptors (e.g., humans, animals, plants)

* Possible exposure pathways (e.g., external radiation, ingestion)

" Levels of residual contaminants that may remain following remediation (i.e., contaminant
levels below cleanup standards or below a range of levels for different exposure routes).

The RAOs provide a basis for evaluating the capability of a specific remedial alternative to
achieve compliance with potential ARARs and/or an intended level of risk protection for human
health or the environment. RAOs specific to the 200 Areas for soils, solid wastes, and
groundwater were developed in the Implementation Plan (DOERL-98-28). Specific RAOs for
this FS were defined based on the fate and transport of contaminants; projected land uses for the
200 Area; and the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OU conceptual
exposure model. The RAOs for this FS are as follows:

. RAO I - Prevent or mitigate risk to human health, ecological receptors, and natural
resources associated with exposure to wastes or soil contaminated above potential
ARARs or risk-based criteria by removing the source or eliminating the pathway.

. RAO 2 - Prevent migration of contaminants through the soil column to groundwater or
reduce soil concentrations below WAC 173-340-747 groundwater protection criteria so
that no further degradation of the groundwater occurs from contaminant leaching from
soils.

. RAO 3- Prevent or mitigate occupational health risks to workers performing remedial
actions.

. RAO 4 - Prevent destruction of significant cultural resources and sensitive wildlife
habitat, minimize the disruption of cultural resources and wildlife habitat in general, and
prevent adverse impacts to cultural resources and threatened or endangered species.

" RAO 5 - Provide conditions suitable for future industrial land use of the study area,
including appropriate institutional controls and monitoring requirements, to reduce
exposure to 15 mrem/yr or less for industrial workers.
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The RAOs will be finalized in the ROD for these waste sites. Achievement of the RAOs will be
described in the remedial design report/remedial action work plan to be prepared after the ROD
is approved. For the purposes of this FS (to deternine PRGs), RAO 1 is assumed to be achieved
for radionuclides by prevention or reduction of risks from exposure to waste or contaminated soil
that exceeds 500 mrem/yr above background for DOE site workers for a period of 50 years from
the present and 15 mremlyr above background for a person who receives maximum exposure
under an industrial exposure scenario for the period from 50 years to 1,000 years after final
remediation. For carcinogenic chemicals, the first RAO will be achieved by prevention or
reduction of risks from waste or contaminated soil in an industrial scenario such that the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA)
excess lifetime cancer risk (ELCR) goal of 10 to 104 cancer risk for carcinogens is not
exceeded. For non-carcinogenic chemicals, RAO 1 is defined as prevention or reduction of risks
from direct contact with waste or contaminated soils that exceed a hazard quotient or a hazard
index of 1. For ecological receptors, exposure to wastes or soil contaminated with radionuclides
will be prevented or reduced such that dose rates shall not exceed 0.1 rad/day for terrestrial
organisms and 1.0 rad/day for aquatic organisms and terrestrial plants. Exposure of ecological
receptors to wastes or soil contaminated with nonradiological constituents will be prevented or
reduced so that the hazard quotient and hazard index do not exceed 1.

RAO 2 is satisfied if the following conditions are met; soil concentrations are below WAC 173-
340-747, "Deriving Soil Concentrations for Ground Water Protection," groundwater protection
methods or the flux of contaminants into groundwater are reduced to an amount that, in the
absence of other groundwater contaminant sources already present from up-gradient sources,
results in groundwater concentrations below the MCL.

RAOs 3, 4, and 5 will be achieved by meeting RAOs I and 2; by implementing existing
Hanford Site standards for protection of cultural resources, wildlife habitat, and industrial
workers; and by continuing to enforce existing institutional controls and monitoring
requirements.

3.5 PRELIMINARY REMEDIATION GOALS

The PRGs are based on attainment of acceptable levels of human health and ecological risk.
Typically, PRGs are identified for individual hazardous substances identified as COCs. COCs
are the subset of the contaminants listed as COPCs, in Appendix C, Table C-1, that were
determined by the risk assessment in Section 2.6, to exceed applicable standards. If multiple
contaminants are present at a site, the suitability of using individual PRGs as final cleanup values
protective of human health and the environment is evaluated based on site-specific information
and the potential for contaminant interaction.

Meeting these PRGs and the potential ARARs and, by extension, achieving RAOs, can be
accomplished by reducing concentrations (or activities) of contaminants to remediation goal
levels or by eliminating potential exposure pathways/routes. Contaminant-specific and numeric
soil and particulate PRGs for direct exposure and protection of groundwater typically are
presented as concentrations (milligrams per kilogram or milligrams per cubic meter) or
radioactivity (picocuries per gram), respectively. Final remedial action goals developed from the
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PRGs will be specified in a ROD that identifies the selected remedial alternative for the
200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OUs.

Residual risks following completion of remediation of the waste sites must meet the 104 to
IQe ELCR for radiological and nonradiological chemical constituents and must be below a
hazard index value of 1.0 for non-carcinogens. Actual soil contaminant concentrations achieving
these cleanup objectives will be presented in a cleanup verification package for the facility.
The cleanup verification package will demonstrate how and where specific criteria have been
applied and how the remedy protects receptors from the COCs identified for the waste sites.

3.5.1 Direct Exposure Preliminary Remediation Goals
for Nonradioactive Contaminants

Development of the PRGs for direct exposure to nonradioactive contamination for both human
and ecological receptors is described in the following subsections.

3.5.1.1 Human Exposure

For human receptors, PRGs for direct exposure to nonradioactive contamination in soils are
based on risk-based standards. Risk-based standards for individual hazardous substances are
established using applicable Federal and state laws and the risk equations. Risk-based standards
for individual carcinogens in an industrial exposure scenario are based on CERCLA guidelines
of 104 to 10- ELCR. Risk-based standards for individual non-carcinogenic substances are set at
concentrations that would result in no acute or chronic toxic effects on human health and the
environment; this corresponds to a hazard quotient of less than 1.0. Consistent with this
approach, the methodology described for industrial properties under WAC 173-340-745(5),
"Method C Industrial Soil Cleanup Levels," is used to calculate the risk-based standards.

Risk-based standards for some contaminants may be less than area background values or
practical quantitation limits. Where risk-based standards are less than area background
concentrations, PRGs may be set at concentrations that are equal to the agreed-upon site or area
background concentrations. Area background values for selected nonradioactive contaminants in
soil have been characterized for the Hanford Site (DOE/RL-92-24, Hanford Site
Background: Part 1, Soil Backgroundfor Nonradioactive Analytes). Similarly, where
risk-based standards are less than practical quantitation limits, PRGs will default to the practical
quantitation limits. Therefore, the PRGs for individual nonradioactive contaminants in solid
waste and particulate reflect the value that is greatest among risk-based standards, area
background values, or practical quantitation limits. Table 3-1 lists the nonradiological PRGs for
direct human exposure for those COCs.

3.5.1.2 Ecological Exposure

The 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OUs are all within the
industrial area identified in the HCP (DOE/EIS-0222-F) and within the area designated by the
HCP ROD (64 FR 61615) as industrial (exclusive). The industrial (exclusive) land-use
designation allows for continued waste management operations within the 200 Areas consistent
with past National Environmental Policy A ct of 1969 (NEPA), CERCLA, and RCRA
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commitments and, among other things, will allow for the development of new waste
management facilities. Sites within the Core Zone currently have limited habitat suitable for the
establishment of ecological communities and food webs to support a hierarchy of terrestrial
receptors. Maintenance of the industrial (exclusive) use will prevent future human inhabitation;
however, cleanup to industrial land-use standards may not continue to be protective of ecological
receptors after loss of institutional controls. A screening-level ecological risk assessment has
been used to develop soil PRGs for the protection of terrestrial wildlife.

Because the waste sites in the FS are all within the Core Zone, only terrestrial wildlife risks will
be evaluated. Consistent with this approach, WAC 173-340-7490 (3)(b), "Terrestrial Ecological
Evaluation Procedures, Goal," specifies that for industrial or commercial properties, current or
potential exposure to soil contamination only need be evaluated for terrestrial wildlife protection.
Plants and soil biota need not be considered unless the species is protected under the Federal
Endangered Species Act of 1973. Currently, no federally listed threatened or endangered species
are known to exist on the waste sites. Surveys conducted before field activities will confirm the
presence or absence of protected species. For sites with institutional controls that prevent
excavation of deeper soil, a conditional point of compliance may be set at the biologically active
soil zone, which is assumed to extend to a depth of 2.7 m (9 ft), based on the conditional point of
compliance requirements stated in WAC-173-340-7490 (4), "Terrestrial Ecological Evaluation
Procedures," "Point of Compliance" (DOE/RL-2001-06, Comments on Hanford 2012:
Accelerating Cleanup and Shrinking the Site). Priority chemicals of ecological concern and their
soil-screening levels are listed in WAC 173-340-900, "Tables," Table 749-3. These
soil-screening levels were used in conjunction with the risk assessment to develop PRGs for the
COCs that are protective of ecological receptors, as indicated in Table 3-1.

3.5.2 Direct Exposure Preliminary Remediation Goals
for Radionuclides

The PRGs for direct exposure to radioactive contamination for both human and ecological
receptors are described in the following subsections.

3.5.2.1 Human Exposure

For locations within the Core Zone, the DOE dose limits of 500 mrem/yr for radiological
workers will be in effect for as long as waste management operations continue. After a period of
50 years, all waste management facilities are assumed to be closed, however, access to the
200 Areas is assumed restricted for an additional 100 years by enforcement of effective
institutional controls. Although institutional controls would still exist after that time, an intruder
presumably could obtain access to the area and establish a residence.

After the cessation of waste management operations, remediation goals for radioactive wastes
and radioactively contaminated soils for human receptors are considered to be based on the
U.S. Environmental Protection Agency (EPA) radionuclide soil cleanup guidance. As
established by 40 CFR 300, "National Oil and Hazardous Substances Pollution Contingency
Plan," CERCLA cleanup actions generally should achieve a level of risk within the 104 to
106 ELCR based on the reasonable maximum exposure for an individual. Furthermore,
EPA policy has noted that the upper boundary of the risk range is not a discrete line at 104 and
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that a specific risk estimate around 104 may be considered acceptable, if justified based on
site-specific conditions (EPA/540/R-99/006, Radiation Risk Assessment At CERCLA
Sites: Q & A [OSWER Directive No. 9200.4-31PI). The goal of remediation is to achieve the
10-4 to 10- risk range, using a dose of 15 mreni/yr above background as an operational guideline
to achieve this goal. Demonstration that the 10 to 106 residual risk-range goal has been
achieved will be accomplished through final verification sampling during closeout of individual
sites.

The individual PRGs for the identified COCs are calculated using the RESidual RADioactivity
(RESRAD) dose assessment model (ANIJEAD-4, User's Manualfor RESRAD, Version 6) and
are provided in Table 3-2. Numerical values of radionuclide PRGs corresponding to the 15 and
500 mrem/yr guidance limits for the identified COCs depend on the specific exposure scenario
selected for remedial design and site-specific parameters (e.g., the area extent of the waste site).
Radionuclide PRGs corresponding to the 15 and 500 mremlyr guidance limits for direct exposure
to contaminated soil have been calculated for the industrial scenario, as described in Appendix C.

The soluble salts of uranium present non-carcinogenic toxic effects that are evaluated by a
hazard quotient, in addition to the incremental cancer risks presented by the radioactive isotopes
of uranium If the hazard quotient exceeds 1, the possibility exists for systemic toxic effects;
however, the dose from total uranium will exceed the 15 or 500 mrem/yr guidance limits at an
activity or concentration less than that corresponding to a hazard quotient of 1. Therefore, it is
expected that cleanup to meet the radioactivity hazard also will be adequate to address the hazard
associated with chemical toxicity.

3.5.2.2 Ecological Exposure

The international community has been involved for more than 20 years in evaluating the effects
of ionizing radiation on plants and animals. The International Atomic Energy Agency (IAEA)
issued a study in 1992, LAEA 332, Effects ofIonizing Radiation on Plants and Animals at Levels
Implied by Current Radiation Protection Standards, endorsing the 1977 and 1990 International
Commission on Radiological Protection (ICRP) reports Recommendations of the International
Commission on Radiological Protection (ICRP-26 and ICRP-60) and stating that chronic
radiation dose rates below 0.1 rad/day will not harm plant and animal populations and that
radiation standards for human protection also will protect populations of nonhuman biota. The
report implies that dose limits of 0.1 rad/day for animals and I rad/day for plants will protect
populations, but additional evaluation of effects may be needed if sensitive species are present.

O RN'T M-13 141, Effects of Ionizing Radiation on Terrestrial Plants and Animals: A Workshop
Report, presents information from a DOE-sponsored workshop held in 1995. The workshop was
attended by 12 experts in radioecology and ecological risk assessment. The goal of the
workshop was to evaluate the adequacy of current approaches to radiological protection, as
exemplified by the IAEA report. The attendees reviewed the DOE's perspective and
responsibilities, rationales underlying the IAEA conclusions, and a summary of ecological data
from the former Soviet Union. The consensus of workshop participants was that the 0.1 rad/day
limit for animals and the I rad/day limit for plants recommended by the IAEA are adequately
supported by the available scientific information. However, the participants concluded that
guidance on implementing the limits is needed and that the existing data support application of
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the recommended limits for populations of terrestrial and aquatic organisms to representative
rather than maximally exposed individuals.

In response to the workshop findings (ORNIUTM-13141), the DOE produced
DOE-STD- 1153-2002, A Graded Approachfor Evaluating Radiation Doses to Aquatic and
Terrestrial Biota, which provides a graded approach to ecological risk assessment for
radionuclides and screening-level biota concentration guides (BCG). For radiological
constituents, no promulgated screening or cleanup levels are available. The potential effects of
surface residual contamination on terrestrial receptors are evaluated by the biota dose assessment
committee using the terrestrial radionuclide screening levels presented in DOE-STD-1 153-2002.
The committee has been assisting the DOE in developing this technical standard, which provides
a graded approach for evaluating radiation doses to biota. DOE-STD-1153-2002 provides a
cost-effective, easy-to-implement methodology that can be used to demonstrate compliance with
DOE dose limits and with findings of the IAEA and National Council on Radiation Protection
and Measurements regarding doses below which deleterious effects on populations of aquatic
and terrestrial organisms have not been observed. The technical standard also can be used to
assess ecological effects of radiological exposure when conducting ecological risk assessments.

The DOE's graded approach for evaluating radiation doses to biota consists of a three-step
process that is designed to guide a user from an initial, conservative general screening to a more
rigorous analysis using site-specific information (if needed) and is consistent with the eight-step
EPA approach for conducting ecological risk assessments. The DOE recommends a three-step
process that includes (1) assembling radionuclide concentration data and knowledge of sources,
receptors, and routes of exposure for the area to be evaluated, (2) applying a general screening
methddology that provides limiting radionuclide concentration values (i.e., BCGs) in soil,
sediment, and water; and (3) if needed, conducting a risk evaluation through site-specific
screening, site-specific analysis, or a site-specific biota dose assessment conducted within an
ecological risk framework, similar to that recommended by EPA/630/R-95/002F, Guidelinesfor
Ecological Risk Assessment. Any of the steps within the graded approach may be used at any
time, but the general screening methodology is usually the simplest, most cost-effective, and
least time-consuming process.

The BCGs contained in the technical standard guidance include conservative screening
concentrations that are judged to be protective of the most sensitive terrestrial organisms,
assuming a dose of 0.1 rad/day.1 Each radionuclide-specific BCG represents the limiting
radionuclide concentration in environmental media (i.e., soil, sediment, or water) that would not
exceed the DOE's established or recommended dose standards for biota protection; therefore,
soil concentrations that are less than the BCGs are not considered to pose a threat to terrestrial
receptors.

'Terrestrial plant species are assumed to be protected at sites containing a dose of up to I rad/day
(DOE-STD-1153-2002).
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3.5.3 Remediation Goals for the Protection of
Groundwater

Remediation goals for the protection of groundwater must address contamination reaching the
groundwater and contamination remaining in the ground after remediation (i.e., residual
contamination). The remediation goals must consider risk-based standards where contamination
might have contacted groundwater and standards for residual contamination that might migrate
through the vadose zone to groundwater. Residual vadose zone contamination must be below
activities or concentrations that could cause groundwater to exceed protective levels, if
contaminants migration occurs. The following subsections present remediation goals for
groundwater and for residual contamination in the vadose zone and a discussion of achieving
these remediation goals.

3.5.3.1 Nonradionuclide Preliminary Remediation Goals for the Protection of
Groundwater

The PRGs for nonradionuclides in the vadose zone that are protective of groundwater are
developed from potential ARARs (e.g., MCLs as defined in 40 CFR 141) and published
risk-based standards. Consistent with this approach, soil concentrations protective of
groundwater are established by evaluating the provisions of WAC 173-340-747, "Deriving Soil
Concentrations for Ground Water Protection," unless it can be demonstrated that a higher
contaminant concentration is protective of groundwater (WAC 173-340-747[3][e], "Deriving
Soil Concentrations for Ground Water Protection," "Overview of Methods," "Alternative Fate
and Transport Models"). Values of soil concentrations protective of groundwater were
calculated using formulas from WAC 173-340-747 and inputs from Ecology 94-145, Cleanup
Levels and Risk Calculations under the Model Toxics Control Act Cleanup Regulation; CLARC,
Version 3.1. Table 3-1 provides the PRGs for nonradionuclides identified as COCs.

3.5.3.2 Radionuclide Preliminary Remediation Goals for the Protection of Groundwater

MCLs for radionuclide contaminants in drinking water are specified in 40 CFR 141.
Remediation goals for radionuclide contaminants in water, protective of both groundwater and
surface water, are based on achieving these MCLs. Remediation goals for radionuclides in
water, considered protective of human health, also are considered protective of potential
ecological receptors at the groundwater/river interface.

According to 40 CFR 141, the average annual activity of beta particle and photon radioactivity
from manmade radionuclides in drinking water shall not produce an annual dose equivalent to
the total body or any internal organ greater than 4 mrem/yr (40 CFR 141.66, "Maximum
Contaminant Levels for Radionuclides"). The MCLs for Sr-90 and tritium are 8 pCi/L and
20,000 pCi/L, respectively (40 CFR 141.66). The MCLs for all other manmade radionuclides
causing a 4-mrem/yr dose (except Ra-226 and Ra-228) are calculated based on a 2 L/d drinking
water intake using the 168-hour data listed in NBS Handbook 69, Maximum Permissible Body
Burdens and Maximum Permissible Concentrations of Radionuclides in Air or Water for
Occupational Exposure. The EPA has calculated drinking water MCLs for radionuclides in
40 CFR 141, based on NBS Handbook 69. These values of radionuclide drinking water MCLs
also are presented in EPA/540/R-00/007, Soil Screening Guidancefor Radionuclides: User's
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Guide (OSWER Directive 9355.4-16A), Table D.2. If two or more radionuclides are present, the
sum of their annual dose shall not exceed 4 nrem/yr (40 CFR 141.66).

The MCL for uranium in drinking water is 30 g/L, as promulgated by the EPA (65 FR 76708,
"National Primary Drinking Water Regulations; Radionuclides; Final Rule"). Based on the
isotopic distribution of uranium on the Hanford Site, the 30 pg/L MCL corresponds to an activity
of 21.2 pCi/L (BI Calculation No. 0100X-CA-V0038, Calculation of Total Uranium Activity
Corresponding to a Maximum Contaminant Level of Total Uranium of 30 Micrograms per Liter
in Groundater).

For radionuclides in the vadose zone, concentrations of residual contaminants are considered
protective of groundwater if the residual levels do not result (via migration through the vadose
zone) in concentrations that exceed groundwater remediation goals.
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Table 3-1. Summary of Nonradionuclide Soil Preliminary Remediation Goals
for all Pathways.

Hanford Site Direct Groundwater Teeslha Overal PRG
Constituent Backgrount Contact Protection' WildfeO

(mg/k (11/kg) (mg/kg)1111

Contaminants of Concern - 216-U-10 Pond
cadmium 1.0 N/A 0.69 14 1.0

manganese 512 N/A 50 N/A 512

cyanide -- N/A 0.8 N/A 0.8

selcium -- N/A N/A 0.3 0.3

uranium (total) 3.21 N/A 1.3 N/A 3.21
Contaminants of Concern - 216-U-14 Ditch

None
Contaminants of Concern - 216-Z-11 Ditch

Aroclor-1254 - N/A 0.99 - 0.99
Nitrite - N/A 13 - 13

Contaminants of Concern - 216-A-25
None

Contaminants of Concern - 216-T-262
cyanide - N/A 0.8 N/A 0.8
nitrate (as N 52 N/A 40 N/A 40

nitrite (as N)- N/A 13 N/A 4
Background concentrations are 90th percentile values of the log nornl distribution of sitewide soil background data from DOF/RL-92-24.

Where the applicable PRG for a constituent is less than background, the backgmund value is used as the PRO.
"Direct contact values represent vadose zone concentrations that are protective of human and ecological receptors from direct contact with

contaminated solids Listed WAC 173-340-745(5) Method C cleanup standards for industrial soil are obtained from the Washington State
Departnent of Ecology CLARC Version 3.1 tables (updated November 2001) (Ecology 94-145) and are used to evaluate the top 4.6 m (15 ft)
(WAC 173-340-745).

'Values represent vadose zone soil concentrations that will be protective of groundwater. Values am calculated using the WAC 173-340
threehase model for protection of drinking water (WAC 173-340-747[4, amended February 12,2001).

Industrial soil levels protective of terrestrial wildlife are obtained from WAC 173-340-900, Table 749-3.
'Constituents with values shown are those constituents that exceed their respective soil levels protective ofterrestrial wildlife as shown in

Appendix C, Table C-14, taking into account the further evaluation of Section 2.8.
'listed values represent the most restrictive soil PRG derived fmn evaluation of direct contact, groundwater and river protection, and terrestrial

wildlife protection. Overall PRGs selected based on terrestrial wildlife protection should be interpreted in light of the discussion in Section 2.8.
fThese contamiant of concern for groundwater protection were not identified in the screeing process, but STOMP modeling predicted they

would exceed maximum contaminant levels at some point within 1,000 years.
"Tese contaminant of concerns exceeded groundwater protection risk-based soil concentrations; however, subsequent STOMP modeling

indicates that these contaminants would not exceed maximum contaminant levels in the groundwater.

DOE/RL-92-24, Hanford Site Soil Background Pan I, Soil Backgroundfor Nonradioactive Analytes.
Ecology 94-145, Cleanup Levels and Risk Calculations under the Model Toxics Control Act Cleanup Regulation; CLARC, Version 3.1.
PNN L,11217, STOMP Subsurface Transport Over Multiple Phases Theory Guide.
WAC 173-340, "Model Toxics Control Act - Cleanup."
WAC 173-340-745, "Soil Cleanup Standards for Industrial Properties."
WAC 173-340-745(5), "Soil Cleanup Standards for Industrial Properties," "Method C Industrial Soil Cleanup Levels."
WAC 173-340-747(4), "Deriving Soil Concentrations for Ground Water Protection," "Overview of Methods," "Fixed Parameter Three-Phase

Partitioning Model."
WAC-173-340-900, "Tables."

- - No criteria established.
CLARC - Cleanup Levels and Risk Calculations under the Model Toxics Control Act Regulation (CLARC Version 3.1) (Ecology 94-145).
N/A = Notapplicable. Not a contaminant of concern for the given exposure route (e.g., direct contact, protection of groundwater, or

terrestrial wildlifi exposure).
PRO = preliminary remediation goal.
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Table 3-2. Summary of Radionuclide Preliminary Remediation Goals for All Pathways. (2 Pages)

Industrtrial Groundwater Overa Fracti of Overall
Constituent Direct Intruderb Wildlfe BG Protection PRG PRGr

Exposur? (pCl/e (pCI/9 1 (pC/P

Contaminants of Concern - 216-U-10 Pond'

Cs-137 22.6 N/A 20 N/A 20 200

Eu-154 10.3 N/A N/A N/A 10.3 1.2

Se-79 N/A N/A -- 1.3 1.3 7.7

Sr-90 N/A N/A 20 N/A 20 7.9

Tc-99 N/A N/A N/A 7.6 7.6 1.2

Sum of fractions 218

Contaminants of Concern - 216-U-14 Ditch 9

Cs-137 24.2 N/A 20 N/A 20 110

T-99 N/A N/A N/A 4.2 4.2 2.8

Sum of fractions 113

Contaminants of Concern - 216-Z-11 Ditch

Am-241 356 20,000 N/A N/A 356 210

Cs-137 25 N/A N/A N/A 25 38

Pu-239 452 27,000 -- N/A 452 1,700

Pu-240 452 N/A -- N/A 452 290

Ra-226 7.4 400 N/A N/A 7.4 700

Sum of fractions 2,940

Contaminants of Concern - 216-A-25

Cs-137 22.5 N/A 20 N/A 20 360

Sr-90 N/A N/A 20 N/A 20 2.5

Sum of fractions 363

Contaminants of Concern - 216-T-26 Cribh

Am-241 N/A 11,000 N/A N/A 11,000 0.02

Cs-137 N/A 11,000 N/A N/A 11,000 4.4

Pu-239 N/A 15,000 -- N/A 15,000 0.42

Sr-90 N/A 220,000 N/A N/A 220,000 0.22

Sum of fractions 5.1
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Table 3-2. Summary of Radionuclide Preliminary Remediation Goals for All Pathways. (2 Pages)
Industrial Terrestrial Groundwater Overall Fracton of Overall

Constituent Direct Intrader" Wildlife BCC ProtectIon PRG F Rc f

Expossrer (5C1Ig) (pC1/g) (pCi/g) PRG
'Direct exposure values represent activities for individual radionuclides corresponding to a 15 mran/yr dose rate in

an industrial scenario.
bIntruder scenario is described in Appendix E.
0Biota concentration in soil that could produce 4 mrm/yr from drinking groundwater.
dConcentration in soil that could produce 4 mrem/yr from drinking groundwater.
'Listed values represent the most restrictive PRG derived from evaluation of the exposure, terrestrial wildlife, and

river protection pathways.
Exposure point concentration divided by the overall PRG. Potential ramediation should be sufficient to reduce the

sum of these fractions for each site below 1.
OSTOMP modeling predicted that uranium isotopes also would exceed maximum contaminant levels.
hSTOMP modeling predicted that uranium isotopes and Tc-99 also would exceed maximum contaminant levels.

DOE-STD-1 153-2002, A Graded Approach for Evaluating Radiation Doses to Aquatic and Terrestrial Biota.

-- = no criteria established.
BCG= biota concentration guide.
N/A = Not applicable. Not a contaminant of concern for the given exposure route (e.g., direct contact, intruder,

protection of groundwater, or terrestrial wildlife exposure).
PRG = preliminary remediation goal.
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CHAPTER 4.0 TERMS

DOE
ERDF
ET
FS
GRA
Implementation Plan

ISV
RAO
RCRA
RI

U.S. Department of Energy
Environmental Restoration Disposal Facility
evapotranspiration
feasibility study
general response action
200 Areas Remedial Investigation/Feasibility Study
Implementation Plan - Environmental Restoration Program,
DOE/RL-98-28
in situ vitrification
remedial action objective
Resource Conservation and Recovery Act of 1976
remedial investigation
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4.0 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES

The 200 Areas Remedial Investigation/Feasibility Study Implementation Plan - Environmental
Restoration Program (DOE/RL-98-28) (Implementation Plan) provided an initial framework to
guide the remedial investigations (RI) in the 200 Areas. The Implementation Plan identified and
screened technologies that could be used to address contaminants in the soil and solid waste in
the arid 200 Areas environment.

Since the Implementation Plan was issued, additional site characterization information was
obtained and RI reports were prepared that presented the nature and extent of contamination and
the risk at the representative waste sites. This feasibility study (FS) uses representative sites
from three RI reports: DOERL-2003-l 1, Remedial Investigation Reportfor the
200-C W-5 U Pond/ Z Ditches Cooling Water Group, the 200-C W-2 S Pond and Ditches Cooling
Water Group, the 200-CW-4 T Pond and Ditches Cooling Water Group, and the 200-SC-1 Steam
Condensate Group Operable Units (200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and
200-SC-1 OUs); DOB/RL-2002-42, Remedial Investigation Report for the 200-TW-1 and
200-TW-2 Operable Units (Includes the 200-PW-5 Operable Unit)) (200-TW-1, 200-TW-2, and
200-PW-5 OUs); and DOE/RL-2000-35, 200-CW-1 Operable Unit Remedial Investigation
Report (200-CW-1 OU).

As part of this FS, additional human health risk assessments and screening-level ecological risk
assessments were performed. The results are reported in Chapter 2.0 of this FS. Information
from the Implementation Plan and the three RI reports was reviewed against the results of the
screening-level ecological risk assessments and human health-risk assessments, and refinements
were made to the evaluation of alternatives as appropriate for this FS. A review of technologies
was conducted to identify new, emerging technologies and to update information on existing
technologies since the writing of the Implementation Plan. If a technology was identified and
evaluated in the Implementation Plan and no modifications to this evaluation have been
identified, then the technology is mentioned only briefly in this section and the Implementation
Plan is referred to for detailed information.

4.1 GENERAL RESPONSE ACTIONS

The initial process of identifying viable remedial action alternatives is described in the
Implementation Plan (DOB/RL-98-28) as consisting of the following steps:

1. Define remedial action objectives (RAO)

2. Identify general response actions (GRA) to satisfy RAOs

3. Identify potential technologies and process options associated with each GRA

4. Screen process options to select a representative process for each type of technology
based on their effectiveness, implementability, and cost
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5. Assemble viable technologies or process options retained in step 4 into alternatives
representing a range of removal, treatment, containment, and institutional controls
options plus no action.

Chapter 3.0 identified the RAOs for this FS. The Implementation Plan identified preliminary
GRAs as follows:

" No action
. Institutional controls
. Containment
" Removal, treatment, and disposal
* Ex situ treatment
* In situ treatment.

These GRAs are intended to cover the range of options necessary to meet the RAOs.
Modifications to these GRAs were not necessary, based on the new information collected and
evaluated in the RI reports (DOE/RL-2003-1 1, DOE/RL-2002-42, and DOE/RL-2000-3 5).
Detailed descriptions of each GRA are included in the Implementation Plan.

4.2 SCREENING AND IDENTIFICATION OF
TECHNOLOGIES

This section screens and identifies potentially viable technologies for the 200-CW-5 OU,
200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OU. The initial identification and screening of
remedial technologies described in Appendix D (Sections D5.0 to D5.6 and Table D-1) of the
Implementation Plan (DOE/RL-98-28) is modified for this FS based on the information obtained
from the RIs and the additional risk assessment performed to support this FS. The following
subsections summarize the technology screening conducted; discuss the screening of new
technologies identified since the creation of the Implementation Plan; and discuss those
technologies that are retained for the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and
200-SC-I OU. The technologies are discussed by GRA group. Table 4-1 represents a roadmap
for technology selection between the Implementation Plan and this FS.

Potentially applicable technology types and process options were identified and screened in the
Implementation Planit i accordance with Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 guidance using effectiveness, implementability, and
relative cost as criteria to eliminate those options that are least feasible and to retain those
options that are considered most viable.

4.2.1 Rescreening of Implementation Plan Remedial
Technologies Based on Risk Assessment Results

Because the initial screening in the Implementation Plan was preliminary, and because additional
site-specific risk assessment and characterization information is available, the remedial
technologies presented in the Implementation Plan were rescreened for application to the
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200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OU. The following is a brief
screening discussion of the technologies and the results of the refinements.

4.2.1.1 No Action

The National Contingency Plan (40 CFR 300, "National Oil and Hazardous Substances Pollution
Contingency Plan") requires that a no-action alternative be evaluated as a baseline for
comparison with other alternatives. The no-action alternative represents a situation where no
restrictions, controls, or active remedial measures are applied to the site. The no-action
alternative implies a scenario of "walking away" from the site and taking no measures to monitor
or control contamination. The no-action alternative requires that a site pose no unacceptable
threat to human health and the environment. The no-action alternative was retained in the
Implementation Plan for 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OU and
is carried forward in this FS.

4.2.1.2 Institutional Controls

Institutional controls consist of(1) physical and/or legal barriers to prevent access to
contaminants, (2) monitoring of the groundwater and/or the vadose zone, and (3) maintaining
existing soil cover. Institutional controls usually are required when contaminants remain in place
at concentrations above cleanup levels; the controls likely will be a component of the remedial
alternatives.

Physical methods of controlling access to waste sites are access controls, which include signs,
fences, and entry control, artificial or natural barriers, and active surveillance. Physical
restrictions are effective in protecting human health by reducing the potential for contact with
contaminated media and avoiding adverse environmental, worker safety, and community safety
impacts that arise from the potential release of contaminants associated with other remedial
technologies (e.g., removal). If used alone, however, physical restrictions are not effective in
achieving containment, removal, or treatment of contaminants. Physical restrictions also require
ongoing monitoring and maintenance.

Legal restrictions include both administrative and real-property actions intended to reduce or
prevent future human exposure to contaminants remaining on site by restricting the use of the
land, including groundwater use. Land-use restrictions and controls on real-property
development are effective in providing a degree of human-health protection by minimizing the
potential for contact with contaminated media. Restrictions can be imposed through land
covenants, which would be enforceable by the United States and, under Washington State law,
the Washington State Department of Ecology. Land-use restrictions are somewhat more
effective than access controls if control of a site transfers from the U.S. Department of Energy
(DOE) to another party, because land-use restrictions use legal and administrative mechanisms
that already are available to the community and the State.

The disadvantages of land-use restrictions are similar to those for access control: they do not
contain, remove, or treat contaminants. In addition, land-use restrictions are not self-enforcing.
Land-use restrictions only can be triggered by an effective system for monitoring land use to
ensure compliance with the imposed restrictions.
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Sampling and environmental monitoring is an integral part of institutional controls and is
necessary to verify that contaminants are attenuating as expected, to ensure that contaminants
remain isolated, and to ensure that whatever remedial measures are in place are meeting their
performance objectives. Periodic sampling activities would include sampling of the actual
contaminants and verification of overall site characteristics (geochemical, hydrogeologic, and
biological properties). Environmental monitoring would be conducted to ensure that waste
containment is achieved and that no further degradation of groundwater occurs. Surface
radiation surveys and sampling of local biota may be necessary if contaminants remain near the
surface.

Depending on the remedial action taken and results of sampling and monitoring, it will be
necessary to maintain the existing soil cover or cap in order to ensure continued isolation of the
contaminants.

Based on the results of the RI activities, no changes have been made to this technology from
what appeared in the Implementation Plan. The institutional controls technologies will be
incorporated into remedial alternatives in Chapter 5.0 for evaluation.

4.2.1.3 Containment

Containment includes physical measures to restrict accessibility to in-place contaminants or to
reduce the migration of contaminants from their current location. Containment technologies
include surface barriers (caps) and vertical barriers (slurry walls and grout walls), which are used
to prevent or limit infiltration and/or intrusion into the contaminated zone.

4.2.1.3.1 Surface Barriers (Capping)

The surface barriers, or capping, technologies are applicable for groundwater, human health, and
ecological protection. Several different types of surface barriers have been evaluated for use at
the Hanford Site. DOEJRL-93-33, Focused Feasibility Study of Engineered Barriers for Waste
Management Units in the 200 Areas, evaluated four conceptual barrier designs for different types
of waste sites: the Hanford Barrier, the Modified Resource Conservation and Recovery Act of
1976 (RCRA) Subtitle C Barrier, the Modified RCRA Subtitle D Barrier, and the Standard
RCRA Subtitle C Barrier. Based on the results of this evaluation, the Implementation Plan
identified three of these engineered barriers as being suitable for use at waste sites in the
200 Area: the Hanford Barrier, the Modified RCRA Subtitle C Barrier, and the Modified RCRA
Subtitle D Barrier.

Generally, capping consists of constructing surface barriers over contaminated waste sites to
control the amount of water that infiltrates into contaminated media, thereby reducing or
eliminating leaching of contamination to groundwater. In addition to their hydrological
performance, barriers also may function as physical barriers to prevent intrusion by human and
ecological receptors, limit wind and water erosion, and attenuate radiation.

The surface barriers proposed in this FS are "evapotranspiration (ET) barriers," which rely
predominantly on the water-holding capacity of a soil, evaporation from the near-surface, and
plant transpiration to control water movement through the barrier. Precipitation infiltrates at the
surface, where it is retained in the soil by absorption and adsorption until ET processes move the
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water back to the atmosphere. Such designs are particularly suitable for semiarid and and
climates with a low annual amount of precipitation and a relatively high ET potential. When
precipitation exceeds ET, water is stored; and when ET exceeds precipitation, water is released.
Water balance studies at the Hanford Site have shown that vegetation and soil type control the
downward movement of precipitation, and for finer grained soils with a healthy plant cover of
shrubs and grasses, net recharge is close to zem (Gee et al. 1992, "Variations in Recharge at the
Hanford Site").

The ET barriers can be divided into two categories: capillary barriers and monolithic barriers.
The barriers retained in the Implementation Plan (i.e., the Hanford Barrier, the Modified RCRA
Subtitle C Barrier, and the Modified RCRA Subtitle D Barrier) are capillary barriers, which
consist of a fine-grained soil layer overlying a relatively coarse-grained soil layer. Monolithic
barriers rely on a relatively thick single layer of fine-textured soil.

A capillary barrier relies on naintaining a planar textural interface, which would be susceptible
to differential settlements or subsidence. This is an important consideration for waste sites with
void space or solid waste that are susceptible to subsidence. Differential settlements can disrupt
the continuity of layers (i.e., offset layers), which can create large macropores. However, a
broad range of options is available (e.g., dynamic compaction, compaction grouting) to mitigate
the subsidence potential before barrier construction. Given the same soil type, the monolithic
barrier requires additional soil thickness relative to capillary barriers for an equivalent water
storage capacity. Should the thickness of the soil required tbr water-holding capacity exceed the
rooting depth, water removal capacity diminishes. However, the additional thickness also can be
advantageous in providing increased intruder protectiveness.

The three cap designs retained in the Implementation Plan, the Hanford Barrier, the Modified
RCRA Subtitle C Barrier, and the Modified RCRA Subtitle D Barrier, were designed to address
various categories of waste (e.g., transuranic, low-level, hazardous, and sanitary). All three
designs are ET-type barriers but include additional layers for added levels of containment or
redundancy. The term "modified" reflects that the design varies in certain key respects from
conventional barrier designs but is expected to be equivalent to, or to exceed the performance of,
the conventional design. The Modified RCRA C Barrier design was developed for sites
containing hazardous, low-level waste, or low-level mixed waste to provide long-term
containment and hydrologic protection for a performance period of 500 years (DOE/RL-93-33).
The Modified RCRA C Barrier also was developed because the conventional RCRA C cap
design is aimed at areas with much higher precipitation and is not effective for arid climates.
The design includes the components of a capillary barrier overlying a secondary barrier system
using a low-permeability layer. The secondary barrier layers are provisional, depending on the
site-specific need for redundancy in hydrologic protection, a vapor barrier, and/or a more robust
biointrusion layer.

The Hanford Barier design was developed for sites containing greater-than-Class-C low-level
waste, and/or significant inventories of transuranic constituents. This barrier remains functional
for a performance period of 1,000 years. In addition, of the evaluated designs, the Hanford
Barrier provides the maximum available degree of containment and hydrologic protection. The
design is composed of nine layers of durable material with a combined thickness of 4.5 m
(14.7 fit). The barrier layers are designed to maximize moisture retention and ET capabilities and
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to minimize moisture infiltration and biointrusion, considering long-term variations in Hanford
Site climate.

A 4-year (fiscal years 1995 through 1998) treatability test was completed successfiully on a
prototype of the Hanford Barrier constructed in fiscal year 1994 over the 216-B-57 Crib.
The primary purpose of the test was to document surface barrier constructability, construction
costs, and physical and hydrologic performance in support of remedial decision making and
remediation at similar waste sites at the Hanford Site. The results of the treatability test are
reported in DOE/RL-99-11, 200-BP-1 Prototype Barrier Treatability Test Report. Results
demonstrate that the barrier is easily constructed with standard construction equipment,
performance criteria have been met or exceeded, and the Hanford Barrier and associated design
components are highly effective. Subsequent to the treatability test, monitoring activities have
continued at the barrier. Results of the monitoring activities are reported in annual letter reports,
the most recent being CP-14873, 200-BP-1 Prototype Hanford Barrier Annual Monitoring
Reportfor Fiscal Year 2002.

The ET barriers have been and continue to be evaluated within the DOE complex (Sandia
National Laboratory, Los Alamos National Laboratory, Idaho National Engineering and
Environmental Laboratory, Nevada Test Site, Hanfbrd Site), and by the U.S. Environmental
Protection Agency. The Alternative Cover Assessment Program, sponsored by the
U.S. Environmental Protection Agency, is evaluating a number of field-scale test covers
throughout the United States. Results to date indicate that alternative barrier designs at semiarid
and arid sites generally exhibit little percolation (Albright et al., 2003, "Examining the
Alternatives").

Considering the level of supporting documentation and Hanford Site-specific field data that
demonstrate that capillary barriers perform well (DOE/RL-99-1 1; PNNL-13033, Recharge Data
Package for the Immobilized Low-Activity Waste 2001 Perforntance Assessment), the Modified
RCRA C Barrier is considered to be an appropriate process option for the waste sites in this FS.
This process option forms the basis for evaluating capping alternatives at soil waste sites not
contaminated with transuranic constituents. The Hanford Barrier is considered to be an
appropriate process option for soil waste sites contaminated with significant concentrations of
transuranic constituents.

Although the Modified RCRA C Barrier process option is the basis for evaluating this
technology, it does not preclude the use of other ET designs (e.g., monolithic barrier).
The perfonnance and design parameters would be determined during remedial design. Both the
monolithic and capillary barriers have been shown to be equivalent to or to exceed the
performance of the standard RCRA Subtitle C barrier design, and both have been approved or
planned for use in several western states (DOE/RL-93-33).

4.2.1.3.2 Vertical Barriers (Slurry Walls and Grout Walls)

Slurry walls and grout walls were retained in the Implementation Plan (DOE/RL-98-28). Slurry
walls are formed by vertically excavating a trench that is filled with a slurry, typically a mix of
soil, bentonite, and water, that forms a continuous low-permeability barrier. Grout walls are
formed by injecting grout, under pressure, directly into the soil matrix (permeation grouting) or
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in conjunction with drilling (jet grouting) at regularly spaced intervals to form a continuous
low-permeability wall. Using directional drilling techniques, angled grout walls can be formed
beneath a waste site. This type of angled barrier is limited (more so than vertical slurry walls) by
difficulties in verifying barrier continuity and by the materials used. New innovative materials
have the potential for limiting radionuclide mobility through chemical reactions.

Slurry walls and grout walls have potential application in the vadose zone to limit the horizontal
movement of moisture into contaminated materials or to limit the horizontal migration of
contaminants. Vertical barriers can be used as a supplemental element in the design of surface
caps to improve containment performance; both slurry walls and grout walls are suitable
technologies for this application.

While the need for horizontal control of contaminant migration has not been identified based on
the RI reports (DOFIRL-2003-1 1, DOERL-2002-42, and DOEIRL-2000-35), these options are
retained for use in the development of remedial alternatives in Chapter 5.0. These options also
are retained for potential future use following the collection and evaluation of confirmatory data
to confirm that the appropriate remedial action has been specified for the analogous waste sites.

While use of slurry walls and grout walls has application in this FS as a means of limiting
horizontal movement of contamination and water, in particular as part of a capping alternative,
suitability of this technology to limit vertical migration of contaminants is less certain.
Representative sites in this FS typically have large surface areas (216-U-10 Pond,
216-A-25 Pond), are long narrow ditches (216-U-14 Ditch, 216-Z-11 Ditch), or have
contamination at considerable depth (216-U-10 Pond, 216-T-26 Crib). Installation of a
horizontal grout barrier beneath these sites would involve considerable difficulty of construction
because of the geometry of the sites. For these reasons, the use of slurry walls and grout walls as
horizontal barriers to prevent vertical migration of contaminants is not retained in this FS.

4.2.1.4 Removal, Treatment, and Disposal

The Implementation Plan identified excavation of contaminated soils, with treatment as needed
to meet disposal criteria, and transportation and disposal to the appropriate disposal facility, as an
applicable technology for the waste sites. Excavation of material generally is accomplished
using standard earth-moving equipment such as backhoes and front-end loaders. This
technology is retained for use at sites as a standalone remedial alternative and in combination
with other remedial technologies such as capping. A number of sites in the 200-CW-5 OU,
200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OU have significant contamination in the depth
range below 7.6 m (25 ft). As depths increase, there is more chance that the side slope
requirements (generally a horizontal: vertical ratio of 1.5:1) will interfere with nearby buildings
and facilities.

The levels of contamination in many of the waste sites in the 200-CW-5 OU, 200-CW-2 OU,
200-CW4 OU, and 200-SC-I OU may pose a significant dose threat to workers. The levels of
Cs-137 and Sr-90 and potentially other radionuclides may result in excavation and disposal
activities being identified as nuclear activities. In addition, the levels may result in implementing
remote-handled removal techniques. Whether remote handled or contact handled, special safety
controls will be required to address the contaminant concentrations. These factors are discussed
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in further detail in Chapter 6.0. Shoring may be needed at cut intervals to reach these depths
safely. Large excavations would significantly increase the time that workers are associated with
the highly contaminated zones, resulting in increased doses. In addition, large excavations to
these depths would put a large amount of contaminated material at risk for spread associated
with airborne pathways. Costs would increase because of these increased safety techniques.

Waste disposal is divided into (1) onsite disposal of soils without TRU constituents and
(2) temporary onsite storage of soils with TRU constituents, followed by offsite disposal.

* Waste Disposal of Soils without TRU Constituents. The onsite disposal option for
soils not contaminated with TRU constituents is the Environmental Restoration Disposal
Facility (ERDF). The waste acceptance criteria for the ERDF (BHI-00139,
Environmental Restoration Disposal Facility Waste Acceptance Criteria) are based on
regulatory requirements (e.g., RCRA land-disposal restrictions) and risk-based
considerations for long-term protection of human health and the environment. If waste
cannot be accepted at the ERDF, then a suitable offsite disposal facility will be used;
however, all contaminated soils from the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU,
and 200-SC-1 OU without TRU constituents are expected to be acceptable to the ERDF.

. Retrieval, Treatment, and Disposal of Soils with TRU Constituents. Significant
volumes of soil with TRU constituents may be generated from remediation of waste sites
in the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OU
(e.g., 216-Z-1 Ditch and other Z-Ditches). If repackaged soil were determined to
exceed 100 nCi/g (100,000 pCi/g), it would be transported to the Waste Receiving and
Processing facility for waste certification and shipment to the Waste Isolation Pilot Plant
in New Mexico.

Because the Waste Isolation Pilot Plant is exempt from RCRA land-disposal restrictions, specific
ex situ treatment of mixed TRU waste for organic and inorganic contaminants will not be
necessary.

4.2.1.5 Ex Situ Treatment

Ex situ treatment processes retained in the Implementation Plan (DOE/RL-98-28) include
thermal desorption, vapor extraction, mechanical separation, soil washing, ex situ vitrification,
solidification/stabilization, and soil mixing.

Thermal desorption and vapor extraction technologies typically are applied to soils contaminated
with light- to medium-range hydrocarbons and other organics. Thermal desorption also is
effective on heavier range hydrocarbons (e.g., diesel, oil). Based on the data contained in the RI
reports (DOE/RL-2003-1 1, DOEIRL-2002-42, and DOEIRL-2000-35) and the results of the risk
assessment, remediation for hydrocarbons or organics is not necessary. These ex situ
technologies are ineffective for radionuclides and inorganic compounds and, therefore, were
rejected for this FS.

'Waste materials contaminated with 100 nCi/g of transuranic materials having half-lives longer than 20 years.
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The primary separation technique for solid media using mechanical separation is sieving to
segregate material according to size, but other physical properties also may be used as a basis for
segregation (e.g., local discoloration of soil). The main disadvantage of this technology is that
increased waste handling carries the potential of increased worker risk and the production of
fugitive dust. This process has been used as a component of removal and disposal actions on the
Hanford Site. Experience in the 300 Area burial grounds has shown that clogging of the sieving
device may be a problem. There is no apparent technical advantage to using mechanical
separation for the waste sites in this FS. Therefore, the technology is not retained in this FS.

Soil washing has limited effectiveness on many radionuclides, with the risk of higher exposures
to workers and potentially high costs associated with the soil washing, especially if chemicals are
needed to remove contaminants. Based on the results of the Ris, treatment is not required to
meet ERDF or Waste Isolation Pilot Plant waste acceptance criteria. Therefore, soil washing is
not retained in this FS.

Ex situ vitrification is costly and is deemed unnecessary to dispose of waste at the ERDF or the
Waste Isolation Pilot Plant. Therefore, ex situ vitrification is not retained in this FS.

Solidification/stabilization technologies generally are used to immobilize soil contaminants; this
is assumed to be unnecessary for disposal to the ERDF or to the Waste Isolation Pilot Plant.
Therefore, solidification/stabilization technologies are not retained in this FS.

Some soil mixing (blending) may be required to meet health and safety standards and waste
acceptance criteria before the soils are disposed of at the ERDF. Therefore, soil mixing is
retained in this FS.

4.2.1.6 In Situ Treatment

In situ treatment technologies were retained in the Implementation Plan to mitigate contaminant
mobility or to treat organics in situ. The technologies are vitrification, grout injection, soil
mixing, dynamic compaction, and natural attenuation.

In situ vitrification (ISV) applies an electrical current to melt contaminated soil and forms a
stable, vitrified mass when cooled. The stable mass chemically incorporates most inorganics
(including heavy metals and radionuclides) and destroys or removes organic contaminants.
Experience with ISV, summarized below, indicates that convective mixing that occurs during
vitrification will cause the contaminants to be mixed throughout the melt matrix. Air emissions
are collected and treated locally. In practice, vapors generated during vitrification are directed
from the melt to an offgas hood, then to the offgas treatment system, where vapors are treated
using a combination of scrubbers, filtration, and thermal oxidation (if required) before discharge
to the environment.

ISV is not considered effective for sites with surface dimensions greater than 12.2 by 12.2 m
(40 by 40 ft) or at depths greater than about 6.1 m (20 ft). Therefore, ISV is not suitable for the
majority of the sites in the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OU,
either because the contamination is at or below the 6.1 m (20 ft) process depth limit or because
the area of the waste sites makes it impractical. However, ISV may be applicable for the
216-Z- II Ditch and the analogous Z-Ditches, which contain high concentrations of transuranics.
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ISV may be acceptable for this specific waste site because the depth of the majority of the
contamination is within 5.3 m (17.5 ft) of the surface, which is within the technology's
demonstrated effective depth.

At the northern end of the Z-Ditches (where the 216-Z-1D Ditch is located alone), the ditch
width is 2.4 m (8 It). Where the ditches are located side-by-side, the width is 7.3 m (24 ft).
Based on these dimensions, approximately 52 ISV operations would be required.

ISV is not a fully matured technology and presents some implementation and performance
acceptance challenges in a field environment. Some of these challenges requiring acceptable
resolutions are as follows:

. Effective depth
* Assurance of acceptable glass form at the bottom of the melt
" Proper mixing of the soil
" Performance of glass for 1,000 years
* Glass formula evaluation and addition of new material
* In-process sampling analysis accuracy
. Homogeneity of glass formed
. Exposure and radiation levels at the top of the melt.

A number of tests and demonstrations have been conducted to address these issues.

ISV has been shown to be effective at waste sites containing high concentrations of radionuclides
and hazardous constituents. The technology was demonstrated most recently at Los Alamos
National Laboratory, reported in LA-UR-03-6494, IM Completion Reportfor the NTISVHot
Demonstration at SWMU 21-018(a)-99 (MDA ).

For the Los Alamos National Laboratory demonstration, two demonstration melts were
conducted. The first, called the "cold" demonstration, was performed on a simulated absorption
bed that contained surrogate contaminants. The second, called the "hot" demonstration, took
place in an area containing three absorption beds that received radionuclide- and
metal-contaminated wastewater from a laundry facility and a waste research laboratory.
Monitoring activities were conducted to track air emissions, melt progression, and glass cooling
rate. Sampling and analytical activities included characterization of the absorption-bed materials
to confirm the nature and extent of contamination, comparison of pre- and post-demonstration
analytical data from the tuff adjacent to the melt to evaluate contaminant migration, chemical
and radiological analysis to determine contaminant distribution in the vitrified mass, leaching
tests to evaluate glass durability, and mineralogical characterization to evaluate glass
homogeneity. Based on the results of the monitoring and sampling conducted during the hot
demonstration, the demonstration effectively processed the desired treatment volume, and the
resulting glass was both homogeneous and durable, There was no evidence that contaminants
were driven from the absorption bed into the surrounding tuff during heating. Furthermore, the
offgas recovery and treatment system effectively controlled emissions generated during
vitrification. The surface dimensions of the hot demonstration site were 6.4 by 9.1 m (21 by
30 ft). During the demonstration at the Los Alamos National Laboratory, vitrification of the
waste was effective to 8 m (26.5 ft).
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In 1996, a test was conducted at the AMEC Richland Test Facility to verify that two melting
operations conducted in close proximity would fuse together, resulting in no unprocessed waste
between the melts. In addition, melts conducted side by side at the Parson's Chemical Works,
Inc., site in Grand Ledge, Michigan (EPA/540/R-94/520, Geosafe Corporation In Situ
Vitrifcation. Innovative Technology Evaluation Report) demonstrated that melts fuse together
without trapping unprocessed waste. Surface dimensions of this demonstration were 8.2 by
8.2 m (27 by 27 ft) and depth averaged 5.2 m (17 ft).

Dose reduction factors are addressed in PNL-4800 SUPP 1, In Situ Vitrification of Transuranic
Waste: An Updated Systems Evaluation and Applications Assessment. PNL-4800 SUPP 1
indicates that a dose reduction is expected due to self-shielding of the vitrified mass.

Australia used ISV on transuranic-contaminated sites, as reported in ANSTO/C453, A Report to
the Parliamentary Standing Committee on Public Works on Mixing and Encapsulation of
Plutonium in In Situ Vitrification Trials at Maralinga. ANSTO/C453 reports that concentrations
of transuranics up to 100 grams per melt were successfully processed. Sampling from these tests
showed that plutonium was well mixed throughout the melt, including the porous cold cap that
formed on top of the melt, and that there were no localized high concentrations of plutonium.
Leachability tests showed that the durability of the resultant product satisfies the DOE criteria for
glasses used to immobilize high-level radioactive waste. Dimensions of this demonstration were
not given in the report.

ISV is the technology selected for processing TRU-contaminated soil as reported in
EPA/541/R-02/100, Record of Decision (ROD) for Waste Area Group 7, Trenches 5 and 7 in
Melton Valley at Oak Ridge National Laboratory.

Based on the technology development to date, which shows that ISV is likely to meet
requirements for long-term stability of waste sites, ISV is retained in this FS.

Grout injection, commonly referred to as jet grouting or in situ grouting, is a process that entails
injecting a slurry-like mixture of cements, chemical polymers, or petroleum-based waxes into
contarninated media. Grouts are specially formulated to encapsulate contaminants, isolating
them from the surrounding environment. As summarized in INEEL-01-00281, Engineering
Design File, Operable Unit 7-13/14 Evaluation of Soil and Buried Waste Retrieval Technologies,
in situ grouting has been approved by regulating agencies and implemented at several
small-scale sites. However, in situ grouting has not been applied to large-scale sites with many
radiological and chemical hazards such as the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU,
and 200-SC-1 OU sites. Grout injection, as a standalone action, is rejected for this FS because of
the size and depth of the waste sites and its unproven effectiveness on large-scale sites having
radiological and chemical hazards. However, the technology is applicable to remedial
alternatives to fill voids in pipelines, voids in cribs, and voids in tanks that will remain in place
after contamination is removed.

Dynamic compaction is used to increase the soil density, compact the buried solid waste, and/or
reduce void spaces by dropping a heavy weight onto the ground surface. The compaction
process can reduce the hydraulic conductivity of subsurface soils and, correspondingly, the
mobility of contaminants- Because the compactive energy attenuates with depth, dynamic
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compaction is limited to shallow applications typically less than 3 m (10 ft). Chemicals andradionuclides at the sites in this FS generally are deeper than 3 m (10 ft). For this reason,dynamic compaction is rejected in this FS as a standalone action. Dynamic compaction isretained in the FS as a sub-element of capping; this technology frequently is used to prepare awaste site for cap construction.

Deep soil mixing uses large augers (mixers) and injector head systems to inject and mixsolidifying agents (cement or pozzolanic based) into contaminated soil in place. The processreduces the mobility of contaminants by entraining them in the solidifying agent. Soil mixing atdepth is difficult to implement in rocky soils, and the effectiveness of solidification of thecontaminated soil is difficult to monitor and ensure. Soil mixing is rejected for this FS becauseof the size and depth of the waste sites to be treated.

Natural attenuation is retained for this FS, because it is a natural component of all of the potentialalternatives. Natural attenuation is most effective on sites with nonradionuclides that readilydegrade in the environment and on sites with radionuclides that have short half-lives, such asCs-137. However, natural attenuation is a slow process at sites that have radionuclides with longhalf-lives (e.g., plutonium and uranium) or nonradionuclides that do not degrade naturally in theenvironment. It may be the only feasible and cost-effective technology for sites that have deepcontamination, because other technologies (e.g., retrieval and in situ treatment) are difficult toimplement, ineffective, and potentially cost prohibitive.

4.3 SUMMARY OF REMEDIAL TECHNOLOGIES AND
PROCESS OPTIONS RETAINED FOR THE
200-CW-5 OPERABLE UNIT, 200-CW-2 OPERABLE UNIT,
200-CW-4 OPERABLE UNIT, AND 200-SC-1 OPERABLE
UNIT ALTERNATIVE DEVELOPMENT

Based on the screening presented in Section 4.2, Table 4-1 shows the remedial technologies andprocess options that have been retained for development of remedial alternatives specific to the200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OU.
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Table 4-1. Technology Types and Process Options for Soil. (2 Pages)

I IRetained inenal Retained in Feasiblifty Study
Actio, Technology Type Process i mplementatan for 20-CW.,

I200-CW-, d&uu,t w-c and200-SC-1 Operable

units
Yes

Yes

Yes

Yes

Yes

Yes

Yes

None

Land-use
restrictions

Access controls

Monitoring

Surface barriers

Surface barriers

Vertical barriers

Excavation

Landfill disposal

Thermal treatment

Ex situ treatment
Physical/chemical
treatment

No action

Institutional
controls

(DOE/RL-98-28)

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Not applicable

Deed restrictions

Signs'fn ces

Entry control

Groundwater

Vadose Zone

Air

Existing soil cover

Hanford Barrier

Modified RCRA and
other ET Caps
Standard RCRA Caps

Asphalt, concrete, or
cement-type cap
Slurry walls

Grout curtains

Conventional

High contamination
Onsite landfill

Offsite landfill/
repository
Thermal desorption

Vitrification

Vapor extraction

;oil washing
vechanical separation
;olidification/
tabilization

oil mixing
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General Response
Action

Table 4-1. Technology

Technology Type

Types and Process Options for Soil. (2 Pages)
Retained In

Retained in Feasibility Study
Process Option Inpleuentation for 200-CW-5,

Plan 00W-2,
(DOE/RL-98-28) 200-CW4 and

200-SC-1 Operable
Units

Thennal treatment Vitrification
(Z-Ditches) Yes Yes

Vapor extraction Yes NO
Grout injection

In situ treatmet hemical/physical (pipelines and tanks) Yes
treatment Deep soil mixing Yes No

Dynamic compaction
(component of Yes Yes
capping)

Natural attenuation Natural attenuation Yes Yes
DOERL-9 -2 8g 200 Areas Remedial Investigation/Feasibility Study Implementation Plan - EnvironmentalRestoration Program,
Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq.

ET = evapotranspiration.
RCRA = Resource Conservation and Recovery Act of 1976
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CHAPTER 5.0 TERMS

LARA as low as reasonably achievable
bgC below ground surface
CBRCLA Comprehensive Environmental Response, Compensation, and
DOE Liability Act of 1980

U.S. Department of EnergyEPA U.S. Environmental Protection AgencyERDF Environmental Restoration Disposal Facility
FS evapotranspiration

FS feasibility study
ISV in svitrification
N/A not applicable
NCP "National Oil and Hazardous Substances Pollution Contingency

Plan" (40 CFR 300)
OU operable unit

preliminary remediation goalRAO remedial action objective
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5.0 REMEDIAL ACTION ALTERNATIVES

e US. Environmental Protection Agency (EPA) guidance for conducting feasibility studiesunder Comprehensive Environmental Response, Compensation, and Liability Act of 1980(CERCLA) recommnendjs that a limited number of technologies be caie forward from tetechnology identification and screening activity; these technologies then are grouped into
remedial alternatives to address the site-specific conditions. Chapter 4.0, technologies wereidentified and screened based on site-specific characteristics and contaminants of concern. hthis chapter, these technologies are grouped into remedial alternatives to address sitecontamination problem. Several remedial alternatives are developed and described in thischapter for the waste sites in the 200-CW-5 Operable Unit (OU), 200-CW-2 OU, 200-.CW-4 OU,and 200-SC-I OU. The applicability of these alternatives to the individual waste sites also isconsidered-

5.1 DEVELOPMENT OF ALTERNATIVES

Significant efforts and evaluations have contributed to defining applicable technologies andprocess options that address the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU and200-SC-I OU representative and analogous waste sites. The 200 Areas Remedial
nvestiatin1Feasb1jtY Study Implementation Plan - Envimnmenal Restoration Program(DOE/RL,98-28) (himplementation Plan), Appendix D, provides initial information onidentification and screening of remedial technologies for 200 Area waste sites The

Implementation Plan, in conjunction with Chapter 4.0 of this feasibility study (FS), represents aPhase I FS and thus forms the basis for the development of remedial alternatives. The
Implementation Plan also preliminarily develops remedial alternatives based on the results of thetechnology screening for the waste sites. Remedial alternatives identified in the ImplementationPlan for the 200-C W-5 OU, 200-C W-2 OU 200-CW-4 OU and 200-SC- I OU include thefollowing:

*No action
M onitored natural attenuation/institutional controls

* Removal, treatment, and disposal (onsite disposal and geologic repository)
* Containment using surface barriers
* In situ grouting or stabilization
* In situ vitrification (ISV).

Table 5-1 illustrates the process of identifying technology types, combining process options, andpresenting the elements of each alternative. Evaluation of the no-action alternative is arequirement under CERCLA. The monitored natural attenuationliiistitutioa controls altemaiveis retained and further developed in this FS for sites where existing remedial actions are in placeor where contamination is expected to reach remedial action objectives (RAO) within areasonable institutional controls period. The removal, treatment, and disposal alternative and thecontainment using surface barriers alternative also are retained and further developed in this FS.
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The ISV alternative is retained for consideration at the Z-Ditches only, due to their relativelyhigh flU1 content and physical dimensions. The in situ grouting or stabilization alternative, asa standalone alternative, is screened out of this FS because of implementation pbler ,associated with the size and depth of the waste sites and unproven effectivene polarems
sites having radiological and chemical hazards. In situ grouting or stabilization technologies are,
however, retained for inclusion as elements of other remedial actions. This FS developed oneadditional alternative that was not identified in the Implementation Plan. This alternative is acombination alternative that includes partial removal, treatment, and disposal with subsequent
capping. The following subsections further develop and describe the alternatives.

One important factor in the development of site-specific remedial alternatives is thatradionuclides, heavy metals, and some inorganic compounds cannot be destroyed. As such,these compounds must be physically im bilized, contained, or chemically converted to a lessmobile or less toxic formi to meet the RAOs.

5.2 DESCRIPTION OF ALTERNATIVES

This section provides a description of the selected alternatives considered for evaluation in thisFS, including the following:

" Alternative I - No Action

* Alternative 2- Maintain Existing Soil Cover, Monitored Natural Attenuation, andhIstitutional Controls

* Alternative 3 - Removal, Treatment, and Disposal

* Alternative 4 - Capping

" Alternative 5 - Partial Removal, Treatment, and Disposal with Capping
* Alternative 6 - ISV.

5.2.1 Alternative 1 - No Action

The "National Oil and Hazardous Substances Pollution Contingency Plan" (40 CFR 300) (NCP)requires that a no-action alternative be evaluated as a baseline for comparison with otherremedial alternatives. The no-action alternative represents a situation where no legal restrictions,access controls, or active remedial measures are applied to the site- No action implies "walkingaway from the waste site" and allowing the wastes to remain in their current configuration,
affected only by natural processes. No maintenance or other activities are instituted orcontinued. Selecting the no-action alternative would require that a waste site pose nounacceptable threat to human health or the environment.

'Waste mataials contaminated with 100 nCi/g of transuranic materials having half-lives longa than 20 years.
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Based on the waste site evaluations and the results of the risk assessment, only one of therepresentative sites in this FS may meet the RAOs using the no-action alternative(216-B-64 Retention Basin). The no-action alternative is carried forward in this FS forcomparison purposes and to address analogous waste sites that are expected to meet the RAOsand PRGS without any action.

5.2.2 Alternative 2 - Maintain Existing Soil Cover,
Monitored Natural Attenuation, and
Institutional Controls

This alternative takes advantage of existing soil covers and the nature of the contaminants (suchas the natural attenuation of Cs-137 and Sr-90 that have relatively short half-lives), incoinbmation with institutional controls, to provide protection of human health and theenvironment. Monitoring also is an element of this alternative. For most of the waste sites inthese OUs, an existing soil cover is present that is associated with the actual construction of thewaste site (i.e., the waste site was constructed at depth and clean backfill was placed in theexcavation to the surface) and with surveillance and maintenance activities, where additional soilwas added to stabilize the waste sites. Under this alternative, these existing soil covers would bemaintained and/or augmented as needed to provide protection from intrusion by human and/orbiological receptors. Institutional controls, including legal and physical barriers, also would beused to prevent human access to the site. The existing soil covers and/or caps would break thepathway between human and ecological receptors and the contaminants. WAC 173-340745(7),"Soil Cleanup Standards for Industrial Properties," "Point of Compliance," identifies the pointsof compliance for different pathways as follows.

* "For soil cleanup levels based on protection of groundwater, the point of complianceshall be established in the soils throughout the site."

* "For soil cleanup levels based on protection from vapors, the point of compliance shall beestablished in the soils throughout the site from the ground surface to the uppermostgroundwater saturated zone."

* "For soil cleanup levels based on human exposure via direct contact or other exposurepathways where direct contact with the soil is required to complete the pathway, the pointof compliance shall be established in the soils throughout the site from the ground surfaceto fifteen feet below the ground surface."

WAC 173-340-7490, "Terrestrial Ecological Evaluation Procedures," specifies a standard pointof compliance at 4.6 m (15 ft) for ecological receptors; institutional control is not required underthis option. WAC 173-340-7490 also specifies a conditional point of compliance at thebiologically active soil zone, with a requirement for institutional controls. The regulationassumes a 1.8 m (6 ft) below ground surface (bgs) biologically active zone, but a site-specificzone may be established.

Based on literature searches regarding the root and burrowing depths of vegetation and animalspresent on the Hanford Site, a sufficient soil thickness to prevent biological intrusion generallywould be 2.4 to 3.0 m (8 to 10 ft). Most of the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU,
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and 200-SC-I OU waste sites have a soil cover (i.e., surface stabilization, backfill) over thecontaminated zone of only a few feet. Soil covers at the analogous sites may be different thanthe soil covers at their associated representative sites.

Institutional controls involve the use of physical barriers (fences) and access restrictions (deedrestrictions) to reduce or eliminate exposure to contaminants of concern. Institutional controlsalso can include groundwater, vadose, surface soil, biotic, and/or air monitoring. Institutionalcontrols for this alternative include periodic surveillance of the waste sites for evidence ofcontamination and biologic intrusion; emplacement of vegetation, herbicide application, manualremoval, or other activities to control deep-rooted plants; control of deep burrowing animals;maintenance of signs and/or fencing; maintenance of the existing soil cover (including anassumed periodic addition of soil); administrative controls; and site reviews.

For sites having a clean soil cover of less than 4.6 in (15 ft), more stringent institutional controls(e.g., physical and legal barriers) would need to be implemented to address potential risks fromdirect human and ecological contact with the contaminants. Water and land-use restrictions alsowould be used to prevent exposure.

Contaminants remaining beneath the clean soil cover would be allowed to naturally attenuateuntil remediation goals are met. Natural attenuation relies on natural processes to lowercontaminant concentrations until cleanup levels are met. Monitored natural attenuation wouldinclude sampling and/or environmental monitoring, consistent with EPA guidance(EPA/540/R-99/009, Use of Monitored Natural Attenuation at Stperfund, RCRA CorrectiveAction, and Underground Storage Tank Sites November 1997, Draft Interim Final, OSWBRDirective No. 9200.4-17P), to verify that contaminants are attenuating as expected Attenuationmonitoring activities could include monitoring of the vadose zone using geophysical loggingmethods or groundwater monitoring to verify that natural attenuation processes are effective.
The existing network of groundwater monitoring wells in the Central Plateau is adequate formonitoring most sites, in coordination with the groundwater OUs (200-BP-5, 200-PO-1,200-UP-1, and 200-ZP-1). Where the existing network is unsatisfactory, additional monitoringwells are planned. If remediation activities result in the decommissioning of groundwatermonitoring wells in the area of remediation, an evaluation of future monitoring needs will beconducted.

5.2.3 Alternative 3 - Removal, Treatment, and
Disposal

Under this alternative, contaminated soil would be removed, treated if required to meet wasteacceptance criteria, and disposed of to an appropriate facility. Some soil blending may be
required to meet health and safety standards and waste acceptance criteria. A generalizedcross-section for this alternative is shown in Figure 5-1. The disposal facility chosen depends onthe type of waste to be disposed. The majority of the waste generated under this alternativewould be disposed of at the Environmental Restoration Disposal Facility (ERDF). For wastesites with transuranic constituents above levels of concern (i.e., 100 nCi/g), disposal to ageologic repository would be required. As reported in DOE/RL-2003-1 1, RemedialInvestigation Reportfor the 200-CW-5 U Pond/Z Ditches Cooling Water Group, the

5-4



DOFRLU2004-24 DRAFT A

200-CW-2 S Pond and Ditches Cooling Water Group, the 200-CW-4 T Pond and DitchesCooling Water Group, and the 200-SC-1 Steam Condensate Group Operable Units, plutoniumand americium levels in the Z-Ditches exceed 100 nCi/g.

5.2.3.1 Sites without Concentrations of TRU Constituents at Levels of Concern
Soil and associated structures (such as cribs) with contaminant concentrations above the PRGswould be removed using conventional excavation techniques where appropriate, or specializedexcavation techniques where contamination levels require added protection (these specializedtechniques are discussed in greater detail in Chapter 4.0). Excavated materials would bedisposed of at an approved disposal facility, currently envisioned as the ERDF. Precautionswould be used to minimize the generation of onsite fugitive dust. Depending on theconfiguration and depth of the area to be excavated, shoring might be required to comply withsafety requirements and to reduce the quantity of excavated soil. The depth, and therefore thevolume, of soil removed largely depend on the categories of PRGs that are exceeded. Forexample, if human health direct contact or ecological PRGs are exceeded, removals generallywould be conducted to a maximum of4.6 m(15 ft) in line with the points of complianceidentified in WAC 173-340-745 and WAC 173-340-7490. If groundwater protection is required,soils would be removed to meet groundwater protection PRGs. Table 5-2 shows the excavationdepths required for this alternative at each representative site. Risk assessment to support thedata in Table 5-2 is contained in Chapter 2.0. Below-grade structures extending below 4.6 m(15 ft) would be removed, if practicable, or stabilized in place. Figure 5-1 illustrates howexcavation generally would proceed under this alternative. Implementability, short-term risk toworkers, and cost need to be evaluated to determine appropriate excavation depths and to drivedecisions between removal and other remedial actions, such as capping.

The remediation of soil and associated structures for this alternative would be guided by theobservational approach. The observational approach is a method of planning, designing, andimplementing a remedial action that relies on information (e.g., samples, field screening)collected during remediation to guide the direction and scope of the effort. Data are collected toassess the extent of contamination and to make "real-time' decisions in the field. Targeted (orhot spot) removals could be considered under this alternative if contamination were localized inonly a portion of a waste site.

Based on existing information, soil and/or debris removed from the waste sites do not requiretreatment to meet ERDF waste acceptance criteria (BHI-00139, Environmental RestorationDisposal Facility Waste Acceptance Criteria). However, additional activities are required tomeet health and safety requirements during excavation, handling, transportation, and disposal.Highly contaminated soil will be blended with less contaminated soil to achieve as low asreasonably achievable (ALARA) goals and to reduce worker risks at all points in the removaland disposal process. Contaminated soil and structures will be containerized (e.g., containers,burrito wraps, bulk shipment) on site and transported to the ERDF, located in the 200 West Area.
After the PRGs are met, uncontaminated soil would be used to backfill the excavation. Thebackfill material could be found at a variety of sources, including local borrow pits and anyremaining excavated material that is determined to be clean (verified as clean by meeting thePRGs). Following remediation, the site will be recontoured, resurfaced, and/or revegetated to
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establish natural site conditions. Maintenance of the site is required until the vegetation issufficiently established to prevent intrusion by noxious, non-native plants such as cheatgrass orRussian Thistle.

5.2.3.2 Sites Potentially Contaminated with TRU Constituents at Levels of Concern
The 216-Z- 11 Ditches have americium and plutonium levels that exceed the TRU definition(>100 nCi/g) as identified through DOERL-2o3.- 1. The TRU contamination is confined to arelatively thin layer at the bottom of the ditches, between a depth of approximately 1.2 and 3.0 m(4 and10f) bgs. Waste sites with transuranic constituents potentially above 100 nCi/g areclassified as pre-1970s waste sites, because disposal to all these waste sites occurred in the 1950sand 1960s.

Under this alternative, contaminated soil would be retrieved, verified as non-TRU waste or TRUwaste by sampling and analysis, treated if necessary, temporarily stored, and disposed of at theWaste Isolation Pilot Plant, if required. Excavation of soil and waste containing transuranicconstituents at levels of concern has been performed at many U.S. Department of Energy (DOE)sites, including Hanford, Idaho National Engineering and Environmental Laboratory(INEEL-o 1-00281, Engineering Design File, Operable Unit 7-13/14 Evaluation of Soil andBuried Waste Retrieval Technologies), Rocky Flats, Savannah River, and others. For soil sites,standard or modified excavation equipment would be used to retrieve the soil and waste untilPRGs are met. Equipment for removal of TRU-contaminated soil and waste is proven andavailable. Any clean overburden soil removed would be stockpiled in an adjacent onsite area.Precautions would be used to minimize the generation of onsite fugitive dust. Depending on theconfiguration of the area to be excavated, shoring might be required to comply with safetyrequirements and to reduce the quantity of excavated soil. Characterization before excavationwould be required to confirm that TRU levels exist at the waste site and to minimize the amountof soil and waste classified as TRU. TRU and non-TRU soils and waste would be segregatedduring retrieval and would be further tested to minimize the amount disposed of at the WasteIsolation Pilot Plant. Wastes acceptable for disposal at the Waste Isolation Pilot Plant would besent there, and treatment is not deemed necessary to meet waste acceptance criteria. Packagingof the soil and waste for disposal at the Waste Isolation Pilot Plant most likely would occur at thesite during excavation, but also could be performed in a separate storage facility. Details wouldbe determined during design, once more precise information on the location, volume, andconcentration of TRU contamination were determined.

Following retrieval of the waste, the site would be backfilled with clean soil and recontoured,resurfaced, and/or revegetated to establish natural site conditions. Maintenance of the site isrequired until the vegetation is sufficiently established to prevent intrusion by noxious,non-native plants such as cheatgrass or Russian Thistle.

5.2.4 Alternative 4 - Capping

The capping alternative consists of constructing surface barriers over contaminated waste sites tocontrol the amount of water that infiltrates into contaminated media, in order to reduce oreliminate leaching of contamination to groundwater. These barriers may include vertical slurryor grout walls to limit intrusion of water from the sides. In addition to their hydrological
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performance, barriers also can function as physical barriers to prevent intrusion by human and
ecological receptors, limit wind and water erosion, and attenuate radiation. Additional elements
to the capping alternative include institutional controls, discussed earlier, and monitored natural
attenuation, where contamination undergoes natural processes in a reasonable amount of time.
This is particularly important for waste sites that have elevated contamination levels with depth
that pose a threat to groundwater or to potential intruders past the institutional controls period.For example, some of the waste site bottoms are located below 4.6 m (15 ft), so the soil above
the waste site is clean backfill. However, in association with the waste site bottoms, sampling
has shown elevated concentrations of radionuclides (mainly Cs-137 and Sr-90) extending from
the bottom of the waste site for tens of feet. More mobile contaminants also are found at greater
depths in the waste sites. This contamination presents a zone of exposure to future intruders tothe waste sites and a potential threat to the groundwater. Therefore, the capping alternative
would have to consider layers or other actions that would prevent, or at least warn, potential
intruders of the hazard.

The preferred capping technology for the Hanford Site is an evapotranspiration (ET) barrier, as
shown in Figure 5-2. The ET surface barriers rely on the water-holding capacity of a soil,evaporation from the near-surface, and plant transpiration to control water movement through the
barrier. Non-TRU sites could have a variety of ET barriers; the most appropriate one would be
determined during design. The Modified Resource Conservation and Recovery Act of1976
(RCRA) Subtitle C Barrier design (Figure 5-3) is used as the basis for evaluating this alternative;
this does not preclude the use of other ET designs (e.g., monolithic barrier). Monolithic and
capillary barriers have been shown to be equivalent to or to exceed the performance of the
standard RCRA Subtitle C Barrier design, and both have been approved or planned for use in
several western states (EPA 2003, Remediation Technology Descriptions, "Alternative Landfill
Cover Project Profiles;" and DOE/RL-93-33, Focused Feasibility Study ofEngineered Barriers
for Waste Management Units in the 200 Areas). The TRU sites may require barrier performance
similar to the Hanford Barrier (Figure 5-4). Both are described in detail in Chapter 4.0.

If capping is identified as the preferred alternative, finalization of site-specific designs will occuras part of the remedial design process and will consider the RAOs and requirements defined inthe record of decision, regulatory design and performance standards, material availability, cost
effectiveness, current surface barrier technology information, and site-specific hydrologic and
physical performance requirements to ensure waste containment. Different waste sites likelywill have varying barrier performance requirements, and more than one barrier design
(e.g., monolithic and capillary barrier) may be deployed to address waste site capping needs.

When groundwater protection is required, the cap will limit the infiltration of precipitation.
When the prevention of ecological and human intrusion is a performance requirement, then thephysical barrer components to the cap become more important. The capping alternative
includes provisions for groundwater monitoring for those waste sites with contamination
predicted to threaten groundwater maximum concentration levels.

Performance monitoring of the Hanford Barrier, installed at the 216-B-57 Crib in 1994, hasshown essentially no water infiltration through the barrier (CP-14873, 200-BP-1 Prototype
Hanford Barrier Annual Monitoring Reportfor Fiscal Year 2002). The effectiveness of the capis related to the design, which must be specific to the conditions at the waste site, and to
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continued monitoring activities. Some recent preliminary fate and transport modeling for theBC Cribs and Trenches area has shown that reducing the infiltration rate to 0.1 mm/yr by use ofa cap would cause a five-fold reduction in the resulting groundwater concentration versus that firuncapped sites. Additional modeling will be needed to design an appropriate cap to achieve themost effective protection of groundwater.

Use of a capping alternative would require ari assessment of the lateral extent of contaminationduring the confirmatory and/or remedial design sampling phases to properly size the cap toensure containment. The site-specific extent of contamination can be assessed using a variety ofapproaches including, but not limited to, process knowledge, previous site investigations,geophysical logging, and/or soil sampling. Some degree of oversizing of the barrier beyond thefootprint of the waste zone (referred to as overlap) is expected and is dependent on the barrierdesign used and the depth of contamination. For the purposes of this FS, an overlap of 6.1 m(20 ft) is assumed based on the performance of the Hanford Barrier. The type and availability ofbarrier construction materials also is a design consideration. The results of the most recentinvestigation (BH-0 1551, Alternative Fine-Grained Soil Borrow Source Study Final Report)will be considered during remedial design for selection of the barrier construction materials.
Caps require surveillance and maintenance throughout their life to ensure continued protection.To ensure that the cap is performing as designed, performance monitoring will be conducted.Performance monitoring for this alternative will be twofold. The first component is groundwater
monitoring. The second component is vadose zone monitoring, if practical. This FS assumes afairly robust performance monitoring effort during the first 5 years after construction, followedby a more focused effort in subsequent years. The effectiveness of institutional controls tomaintain the cap becomes uncertain past 150 years. For the majority of the sites in this FS, adesign life of 500 years is considered sufficient, because the contaminants decay to protectivelevels at the surface within 500 years. For barriers that use naturally stable geologic materials,the key factor establishing life expectancy is projected wind-erosion rates, which will beminmized by maintaining the vegetation cover, adding gravel to the upper portion of the surfacelayer, or by using other armoring methods.

5.2.5 Alternative 5 - Partial Removal, Treatment, and
Disposal with Capping

Under Alternative 5, contaminants would be removed to the maximum depths listed in Table 5-2.These are depths considered protective of human health from direct contact and intruderscenarios and protective to ecological receptors. Risk assessment to support the data inTable 5-2 is contained in Chapter 2.0. Following excavation, the waste site would be backfilledwith clean borrow soil and capped as discussed above. These activities would remove a fractionof the near-surface contamination load. The removal, treatment, disposal, and capping activitieswould be the same as or similar to those described in Chapter 4.0 and in the precedingsubsections. However, removal activities would not be aimed at removing all contaminants inthe vadose zone. They would be aimed at reducing the mass of contamination associated withthe bottom of the waste site, which, in turn, would in turn, reduce the potential intruder risk. Thedisposal option would be the same. The required cap would be less rigorous than if thesecontaminants were left in place because the inadvertent intruder risk is significantly reduced.
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For example, instead of a Hanford Barrier, a monofill soil barrier may be appropriate. The actualdesign of the barrier would be determined through the detailed design activities.

If contarninants are not in the 0 to 4.6 m (0 to 15 ft) zone, then the resulting risk reduction tohumans and ecological receptors from direct contact to shallow-zone contamination would bezero. The point of compliance for direct exposure is the 0 to 4.6 m (0 to 15 ft) zone, socontaminants deeper than this only would reduce the risk to intruders. Contaminants that impactthe groundwater may be located deeper in the vadose zone. Therefore, the removal of
contaminants to mitigate the direct contact and intruder human health risk may not significantlychange the risk to groundwater. The capping activity provided in this alternative would addressprotection of groundwater from the remaining contaminants in the vadose zone. Institutionalcontrols would be an additional requirement for this alternative, because contamination abovePROS is left on site.

It is possible that, in some cases, the level of contamination in the vadose zone below the level ofexcavation will not be a threat to groundwater, in which case a cap would not be required(i.e., Alternatives 3 and 5 would be identical).

5.2.6 Alternative 6 - In Situ Vitrification

As pointed out in Chapter 4.0, ISV is not suitable for the majority of the sites in the200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC- 1 OU, either because thecontamination is at or below the 6.1 m (20 ft) process depth limit or because the area of the wastesites make it impractical. ISV is not considered effective for sites with surface dimensionsgreater than 12.2 by 12.2 m (40 by 40 ft).

According to DOF/RL-2003-1 1, the 216-Z- 11 Ditch and the other Z-Ditches have transuranicradionuclide concentrations that exceed 100 nCi/g down to a depth of 3 m (10 ft). Levels ofTRU contamination less than 100 nCi/g, along with fission Product contamination, continue to adepth of 5.3mi (17.5 it) bgs. The 216-Z-1ID Ditch and 216-ti 1 Ditch contaminants are
classified as pre-1970s TRU, because disposal occurred in the 1940s through 1960s (although,the 216-Z- 1 Ditch was decommissioned in 1971). Because of the large potential volume ofTRU-contaninated waste under the Z-Ditches, ISV is considered to be a potential alternative forthis particular site. The site is long and narrow, which puts it within the acceptable spatialconstraints of ISV (about 12.2 by 12.2 by 6.1 ni deep [40 by 40 by 20 ft]), provided multiplemelts are used along the length of the ditch. ISV would appear to be a potentially attractivealternative to capping (which would be more difficult due to the geometry of the ditches) andexcavation (which would be more difficult due to the need to handle transuranics, plus the costof shipping transuranics to the Waste Isolation Pilot Plant if they exceed 100 nCig after
packaging).

In the ISV process, the waste is converted to a glass form that is highly resistant to erosion. Theextent to which ISV mitigates ecological risks will depend on the characteristics of the finalwaste form and the ecological receptors of concern. Implementation of ISV will mitigategroundwater risk, because the final waste product is a non-leachable waste form The extent to
which ISV will mitigate direct radiation dose at the site is uncertain, but nxst of the human
exposure at the Z-Ditches is from alpha-emitting transuranics, which do not generally create
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significant direct radiation dose. If the transuranics are bound in a stable matrix, the humanhealth risk will decrease. Nonetheless, it may be necessary to cap the site following ISV, todecrease exposure to Cs-137, which is not removed but is bound in the stable matrix.

Once ISV operations are concluded, the resulting matrix would be sampled to verify quality,leachability, homogeneous mixing of contaminants, etc, especially in locations between andunderneath melts to verify complete melting of the contaminated soil. Sampling would beaccomplished using techniques similar to those described in LA-UR-03-6494, IM CompletionReportfor the NTISVHot Demonstration at SWMU 21-018(a)-99 (MDA P): use of ahollow-stem auger rig with a diamond-impregnated epoxy coring bit, and others. Los AlamosNational Laboratory reported that, because of the hardness of the glass, several diamond bitswere required Sampling under the melt could be accomplished with conventional slant drilling.Analyses likely would be similar to those performed at Los Alamos, which included targetanalyte list metals, toxicity characteristic leaching procedure metals, radionuclides by gammaspectroscopy, isotopic plutonium, isotopic uranium, Sr-90, and inorganic chemicals andradionuclides in PCT product consistency test.

The ISV alternative may require continuing institutional controls and monitoring to protectagainst trusion and to verify that the design specifications for immobilization are met. Use ofthe ISV alternative for long-lived radioisotopes (specifically, the TRU contamination in theZ-Ditches) must recognize that the effectiveness of institutional controls beyond 150 years isuncertain, and it is therefore important that the final waste form have long-term stability. Testsand natural analogs have shown vitrified waste to have such long-term stability.
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Table 5-1. Summary of Remedial Alternatives and Associated Components.

Technology
Type Process Option - M. M

No action No action X
Land-use Deed restrictions X' X X
restrictions

Access
controls

Monitoring

Surface
barriers

In situ
physical
treatm ent

In situ themal
treatment

Ex situ
physical
treatment

Removal

Landfill

j Signs/fences

Entry control

Groundwater

Vadose zone

Air

Existing soil cover

Evapotranspiration
barriers

Dynamic compaction

Grout injection

In situ vitrification

Soil mixing

Conventional
excavation

Excavation in high
concentration areas

Onsite landfill

X

X

X

X

X

X

X

X

X

X

X

disposal

Monitored OfIsite landfill/ X X*natural repository
atteuation Monitored natural X X X X X Xattenuation

apor filling pipelines or tanks and for stabilizing cribs or other subsurface structures to prepare for placement of a cap.In situ vitrification is applicable to the 216-Z-Ditches only.
0Disposal of soils from waste sites with transuranic constituents at concentration of concern (i.e., greater than100 nCi/g).

X

X

X

X

X

X
X

X

X'C

X

X

X

X

X

X

X

X a --

X

X
'C

C

X

X
X
X-X
X

'C

x
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Table 5-2. Depth of Excavation for Alternative 3 - Removal, Treatment, and Disposal and Alternative 5 -
Partial Removal, Treatment, and Disposal with Capping.

Representative Excavationvation Excavation Exavation Alternative3 AltmrnativeS
site Deph* of Depth* to Depth* to Depth* of Depth* to Excavation ExcavationChemical Remove Remove Radiological Remove Depth* (ft) Deptht (ft)Contamination Direct Ecological Contamination Intruder

to Meet Contact Risk (11) to Meet Risk (it) at
Groundwater Risk (A) Groundwater 150 years

PRG (ft) PRG (ft)
216-U-10 Pond 210 15 15 210 0 210 15216-U-14 Ditch 15 15 0 15 0 15 N/A
216-Z-1 Ditch 11 15 11 0 15 15 N/A
216-A-25 Pond 0 0 15 0 0 15 N/A
216-T-26 Crib 150 0 0 200 30 200 3

*Depth is measured in feet below ground surface.

N/A = not applicable because near-surface contamination is removed in Alternative 3.PRG = preliminmaryrmediation goal.
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CHAPTER 6.0 TFRMS

ALARA
ARAR
bgs
DOE
Ecology
ELCR
EPA
ERDF
FS
ISV
NEPA
OU
PRG
RAO
STOMP
Tri-Parties

6-i

as low as reasonably achievable
applicable or relevant and appropriate requirement
below ground surface
U.S. Department of Energy
Washington State Department of Ecology
excess lifetime cancer risk
U.S. Environmental Protection Agency
Environmental Restoration Disposal Facility
feasibility study
in situ vitrification
National Environmental Policy Act of 1969
operable unit
preliminary remediation goal
remedial action objective
Subsurface Transport Over Multiple Phases (code)
U.S. Departmwnt of Energy, U.S. Environmental Protection
Agency, and Washington State Department of Ecology
Waste Isolation Pilot PlantWIPP
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6.0 DETAILED ANALYSIS OF ALTERNATIVES

This chapter presents the detailed analysis of the remedial alternatives described in Chapter 5.0
for the 200-CW-5 Operable Unit (OU), 200-CW-2 OU, 200-CW-4 OU, and 200-SC-I OU waste
sites included in this feasibility study (FS). The remedial alternatives are evaluated relative to
seven of the nine Comprehensive Environmental Response, Compensation, and Liability Act
of 1980 (CJSRCLA) criteria, described in the next section. The remedial alternatives are
evaluated for each representative site to determine if the CERCLA evaluation criteria are met.

Analogous waste sites were assigned to representative sites based on physical similarities and
similarities in the expected distribution of contamination using available information and process
knowledge. For this reason, analogous sites are assumed to have contaminant distributions and
risks similar to the representative site. Therefore, the detailed analysis for the representative site
is assumed to be appropriate for the analogous site. The assignments of analogous sites to
representative sites are explained in detail in Chapter 2.0.

The detailed analysis is presented by alternative. Within each alternative, each representative
site is compared with each of the CERCLA evaluation criteria. Tables 6-1 through 6-5 provide a
summary of the detailed analyses for the representative sites and their respective analogous sites.

The representative sites analyzed are as follows:

* 216-U-10 Pond (located within the 200-CW-5 OU)
* 216-U-14 Ditch (located within the 200-CW-5 OU)
. 216-Z-1 I Ditch (located within the 200-CW-5 OU)" 216-A-25 Pond (located within the 200-CW-1 OU)
" 216-T-26 Crib (located within the 200-TW-1 OU).

The analysis of the alternatives takes into account the nature of the contaminants at each site and
the assumed land use. Currently, the land use for the 200 Areas is industrial in nature, associated
with the management of waste. This land use can be reasonably predicted to be the same for the
next 50 years, given the U.S. Department of Energy's (DOE) current commitment to vitrify
waste in the tank farms. Industrial use is assumed for the foreseeable future.

6.1 DESCRIPTION OF EVALUATION CRITERIA

The U.S. Environmental Protection Agency (EPA) has developed nine CERCLA evaluation
criteria, defined in EPAI540/G-89/004, Guidancefor Conducting Remedial Investigations and
Feasibility Studies under CERCLA, (Interim Final), OSWER 9355.3-01, to address the statutory
requirements and the technical and policy considerations important for selecting remedial
alternatives. These criteria serve as the basis for conducting detailed and comparative analyses
and for the subsequent selection of appropriate remedial actions.
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The nine CERCLA evaluation criteria are as follows:

* Overall protection of human health and the environment
* Compliance with applicable or relevant and appropriate requirement (ARAR)
" Long-term effectiveness and permanence
* Reduction of toxicity, mobility, or volume through treatment
* Short-term effectiveness
* Implementability
* Cost
" State acceptance
* Community acceptance-

The first two criteria, overall protection of human health and the environment and compliance
with ARARs, are threshold criteria. Alternatives that do not protect human health and the
environment or those do not comply with ARARs (or do not justify a waiver) do not meet
statutory requirements and are eliminated from further consideration in this FS.

The next five criteria (long-term effectiveness and permanence; reduction of toxicity, mobility,
or volume through treatment; short-term effectiveness; implementability; and cost) are balancing
criteria on which the remedy selection is based. The CERCLA guidance for conducting an FS
lists appropriate questions to be answered when evaluating an alternative against the balancing
criteria (EPA/540/G-89/004). The detailed analysis process in this chapter addresses these
questions, providing a consistent basis for the evaluation of each alternative.

The final two criteria, state and community acceptance, are modifying criteria. The criterion of
state acceptance will be addressed in DOEIRL-2004-26, Proposed Planfor the 200-CW-5
(U Pond/Z Ditches), 200-CW-2 (S PondlDitches), 200-CW-4 (T Pond/Ditches) Cooling Water
Group, and 200-SC-1 Steam Condensate Group Operable Units), prepared by the DOE, EPA,and Washington State Department of Ecology (Ecology) (Tri-Parties). The Proposed Plan will
identify the preferred remedy (or remedies) accepted by the Tri-Parties. The criterion of
community acceptance will be evaluated following the issuance of the Proposed Plan for public
review and comment.

In addition to the CERCLA criteria, National Environmental Policy Act of 1969 (NEPA) values
have been incorporated into this document. Assessment of these considerations is important for
the integration of NEPA values into CERCLA documents, as called for by the Secretarial Policy
on the National Environmental Policy Act (DOE 1994) and DOE 0 451. IA, National
Environmental Policy Act Compliance Program. Potential effects on NEPA values also are
discussed in this chapter.

6.1.1 Overall Protection of Human Health and the
Environment

This criterion determines whether adequate protection of human health and the environment,
including preservation of natural systems and biological diversity, is achieved through
implementation of the remedial alternative. Protection includes reducing risk to acceptable
levels, either by reducing contaminant concentrations or by eliminating potential routes for
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exposure, and minimizing exposure threats introduced by actions during remediation.
Environmental protection includes avoiding or minimizing impacts to natural, cultural, and
historical resources. This criterion also evaluates the potential for human health risks, the extent
of those risks, and whether a net environmental benefit will result from implementing the
remedial alternative.

This first criterion is a threshold requirement and is the primary objective of the remedial action
program. As indicated in EPA guidance, this criterion, and the criteria for compliance with
ARARs, long-term effectiveness and permanence, and short-term effectiveness, overlap
(EPA/540/G-89/004). This FS used the CERCLA risk range of 1 x 104 to I x 10 excess
lifetime cancer risk (ELCR) for human health as the range of protectiveness. Alternatives were
measured against this standard to determine if the alternative meets this criterion, Protection of
groundwater was measured against groundwater protection standards derived from the maximum
contaminant levels identified in 40 CFR 141, "National Primary Drinking Water Regulations,"
and in fate and transport modeling, reported in DOE/RL-2003-11, Remedial Investigation Reportfor the 200-CW-5 U Pond/Z Ditches Cooling Water Group, the 200-CW-2 S Pond and Ditches
Cooling Water Group, the 200-CW-4 T Pond and Ditches Cooling Water Group, and the
200-SC-1 Steam Condensate Group Operable Units, and Appendix C of this FS. Ecological
compliance was judged using WAC 173-340-900, "Tables," and DOE/STD-1 153-2002,
A Graded Approachfor Evaluating Radiation Doses to Aquatic and Terrestrial Biota.

6.1.2 Compliance with Applicable or Relevant and
Appropriate Requirements

The ARARs are any appropriate standards, criteria, or limitations under any Federal
environmental law or more stringent state requirement that must be either met or waived for any
hazardous substance, pollutant, or contaminant that will remain on site during or after
completion of a remedial action. The ARAR identification process is based on CERCLA
guidance (EPA/540/2-88/002, Technological Approaches to Cleanup of Radiologically
Contaminated Superfund Sites; EPA/540/G-89/004). Potential Federal and state chemical-,
location-, and action-specific ARARs associated with remediation of the waste sites addressed in
this FS are presented in Appendix B, and each alternative is assessed for compliance against
these ARARs. When an ARAR cannot be met, the lead agency can request a waiver if there is asolid basis for justifying the waiver. Several of these ARARs address the protection, restoration,or enhancement of fish and wildlife habitat and other natural, cultural, and historical resources.

6.1.3 Long-Term Effectiveness and Permanence

This criterion addresses the results of a remedial action in terms of risks that remain at the site
after remedial action objectives (RAO) are met. The primary focus of this evaluation is the
extent and effectiveness of the controls that could be required to manage the risk posed bytreatment residuals and/or untreated wastes. The following components of the criterion are
considered for each alternative:

Magnitude of residual risk to human and ecological receptors- This factor assesses the
residual risk from untreated waste or treatment residue after remedial activities are
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completed. The characteristics of the residual waste are considered to the degree that
they remain hazardous, taking into account their volume, toxicity, mobility, and
propensity to bioaccumulate.

Adequacy and reliability of controls. This factor assesses the adequacy and suitability of
controls used to manage treatment residues or untreated wastes that remain at the site. It
also assesses the long-term reliability of management controls for providing continued
protection from residues, and it includes an assessment of the potential need to replace
the alternative's technical components.

A related consideration is the restoration time required to reestablish sustainable environmental
conditions, including fish and wildlife habitat and cultural resources, where appropriate.
Residual risk to natural and cultural resources after conclusion of remedial activities also is
evaluated. Current environmental conditions are assessed against the alternative's long-term and
permanent solutions. The assessment considerations are based on whether lasting environmental
losses would be incurred for the sake of short-term cleanup gains, including whether
environmental restoration and/or mitigation options would be precluded if a remedial alternative
were implemented.

6.1.4 Reduction of Toxicity, Mobility, or Volume
through Treatment

This criterion addresses the degree to which a remedial alternative reduces the toxicity, mobility,or volume of a hazardous substance through treatment. Significant overall reduction can be
achieved by destroying toxic contaminants or by reducing total mass, contaminant mobility, or
total volume of contaminated media.

This criterion focuses on the following factors for each alternative:

* The treatment processes used and the materials treated

* Whether recycling, reuse, and/or waste minimization are used in the treatment process

* The type and quantity of treatment residuals that remain following treatment, and
whether any special treatment actions will be needed

* Whether the alternative satisfies the statutory preference for treatment as a principal
element.
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6.1.5 Short-Term Effectiveness

This criterion evaluates the potential effects on human health and the environment during the
construction and implementation phases of a remedial action. This criterion also considers the
speed with which an alternative achieves protection. The following factors are considered for
each alternative:

. Health and safety of remediation workers and reliability of protective measures taken.
Specifically, this involves any risk resulting from implementation, such as fugitive dust,
transportation of hazardous materials, or air quality impacts from offgas emissions.

* Physical, biological, and cultural impacts that might result from the construction and
implementation of the remedial action, and whether the impacts can be controlled or
mitigated.

. The amount of time for the RAOs to be met.

Short-term human health impacts are closely related to the duration of exposure to hazardous
waste and the risks associated with waste removal. The greater the exposure time, the greater the
risk. Guidelines will be followed during implementation of the remedial action to minimize
worker risks and maintain radiation exposures as low as reasonably achievable (ALARA).

Short-term environmental impacts are related primarily to the extent of physical disturbance of a
site and its associated habitat. Risks also can be associated with the potential disturbance of
sensitive species (e.g., bald eagles) because of increased human activity in the area.

6.1.6 Implementability

This criterion addresses the technical and administrative feasibility of implementing an
alternative and the availability of the required services and materials.

The following factors are considered for each alternative:

* Technical feasibility

- The likelihood of technical difficulties in constructing and operating the alternative
- The likelihood of delays because of technical problems
- Uncertainties related to innovative technologies (e.g., failures)

" Administrative feasibility

- Ability to coordinate activities with other offices and agencies

- Potential for regulatory constraints to develop (e.g., as a result of uncovering buried
cultural resources or encountering endangered species)
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* Availability of services and materials

- Availability of adequate onsite or offsite treatment storage capacity, and disposal
services, if necessary

- Availability of necessary equipment, specialists, and provisions to ensure obtaining
any additional resources, if necessary.

6.1.7 Cost

This criterion considers the cost of implementing a remedial alternative, including capital costs,
operation and maintenance costs, and monitoring costs. The cost evaluation also includes
monitoring of any restoration or mitigation measures for natural, cultural, and historical
resources.

The cost estimates for the purposes of this study are presented in either 2003 constant dollars or
present-value terms. The cost estimates were prepared from information available at the time of
this study. The actual cost of the project will depend on additional information gained during the
remedial design phase, the final scope and design of the selected remedial action, the schedule of
implementation, the competitive market conditions, and other variables. However, most of these
factors are not expected to significantly affect the relative cost differences of alternatives.

6.1.8 State Acceptance

This criterion evaluates the technical issues and concerns that the EPA and Ecology could have
regarding a remedial alternative. The regulatory acceptance process would involve a review and
concurrence by the EPA and the Ecology. This criterion will be addressed at the time that the
Proposed Plan (DOE/RL-2004-26) is published.

6.1.9 Community Acceptance

This criterion evaluates the issues and concerns that the public may have regarding a remedial
alternative. This criterion will be addressed following public review of the proposed plan.

6.2 DETAILED ANALYSIS OF ALTERNATIVES

This section presents the detailed analysis of the alternatives evaluated under an industrial
(exclusive) land-use scenario. This section is followed by a NEPA evaluation. Detailed
evaluations were performed on all representative sites. Data obtained at the representative sites
were used to evaluate analogous sites. Furthermore, for costing purposes, all sites within the200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU, and 200-SC-1 OU are grouped in logical units
for remedial actions.
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The following detailed evaluations are applicable to the representative waste sites and their
respective analogous sites. Unless noted, when a site name is used, it means the representative
site plus any associated analogous site(s).

6.2.1 Detailed Analysis of Alternative 1 - No Action

Alternative I is retained for detailed analysis as a baseline description of the effects of taking no
action and is required by CERCLA regulations.

6.2.1.1 Overall Protection of Human Health and the Environment

For the five representative waste sites addressed by this FS, the no-action alternative would fail
to provide overall protection of human health and the environment because contaminants at
concentrations above the preliminary remediation goals (PRG) would remain on site with no
measures performed to prevent intrusion to the contaminants or to monitor their migration,
Therefore, for these five representative sites, this alternative fails to meet this criterion under
CERCLA. Likewise, for all of the analogous waste sites, the no-action alternative fails to meet
this criterion. The one analogous waste site, the 216-B-64 Retention Basin, is the exception.
This retention basin, although pre-operationally tested with non-contaminated liquid, was never
used. As a result, risks to human health and the environment under current conditions are
anticipated to be within acceptable limits.

6.2.1.2 Compliance with Applicable or Relevant and Appropriate Requirements

Because no action would be taken to control the exposure pathway, this alternative would not
meet the ARARs for the waste sites, except for analogous site 216-B-64 Retention Basin. For
this site, all ARARs are anticipated to be met under Alternative I because the retention basin
never was used for its intended purpose of receiving steam condensate effluent.

ARARs include risk-based concentrations for soil cleanup that, if exceeded, would result in a
radiological dose of 15 mrem/yr or greater under an industrial scenario. As shown in Table 2-3,
the dose rate for four of the five sites (all except the 216-T-26 Crib) exceeds 15 mrem/yr
assuming that no credit is taken for protectiveness of the existing cover. The appropriateness of
the 15 mrem/yr end dose is discussed in EPA (1997), OSWER 9200.4-18, Establishment of
Cleanup Levels for CERCLA Sites with Radioactive Contamination, and clarified in
EPA/540/R-99/006, OSWER Directive 9200.4-31P, Radiation Risk Assessment at CERCLA
Sites: Q &A.

Appendix E contains an analysis of risk to an inadvertent intruder and indicates that an
inadvertent intruder would receive a dose in excess of 15 nrem/yr at the Z-Ditches and at the
216-T-26 Crib.

Subsurface Transport Over Multiple Phases (STOMP) modeling indicates that three of the five
representative sites (216-U-10 Pond, 216-U-14 Ditch, and 216-T-26 Crib) are predicted to
require groundwater protection. The STOMP model is used to predict whether existing
radiological and nonradiological concentrations in soil would migrate to groundwater and result
in groundwater concentrations that exceed federal maximum contaminant levels. These levels
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are defined as the average annual activity of beta particles and photon radioactivity from
manmade radionuclides in drinking water that produces an annual dose equivalent to the total
body or any internal organ of greater than 4 mrem/yr (40 CFR 141.66, "Maximum Contaminant
Levels for Radionuclides").

As summarized in Table 2-3, concentrations of nonradiological constituents at the
216-U-10 Pond and 216-A-25 Pond exceed wildlife screening values presented in
WAC 173-340-900, Table 749-3. Similarly, concentrations of radiological constituents at all ofthe representative sites except for the 216-T-26 Crib exceed biota concentration guide values(DOE-STD-1 153-2002). However, as discussed in Section 2.7, given site-specific conditions
(e.g., available habitat and site size) only the 216-U-10 Pond and the 216-A-25 Pond pose
potential ecological risks to burrowing animals under existing conditions.

Because no remedial activities would take place under this alternative, action-specific ARARs
would not be triggered- No location-specific ARARs have been identified for the waste sites.

6.2.1.3 Long-Term Effectiveness and Permanence

Long-Term Effectiveness and Permanence for Human Health. For all five representative
sites and their associated analogous waste sites, except the 216-B-64 Retention Basin, the
no-action alternative fails to provide long-term effectiveness and permanence for human health,
because contaminants would remain on site at concentrations that are above the PRGs. For this
reason, this alternative fails to meet this criterion under CERCLA.

Long-Term Effectiveness and Permanence for Groundwater. Contaminants are predicted to
reach the groundwater at three of the five representative sites (216-U-10 Pond, 216-U-14 Ditch,
and 216-T-26 Crib). Therefore, Alternative I does not provide long-term effectiveness for
groundwater protection for those sites nor for their analogous sites, except the
216-B-64 Retention Basin.

Long-Term Effectiveness and Permanence for the Environment. Three representative sites,216-U-14 Ditch, 216-Z-I I Ditch, and the 216-T-26 Crib, and the analogous 216-B-64 Retention
Basin, meet the standard for protection of the environment in the 0 to 4.6 m(0 to 15 ft) below
ground surface (bgs) zone. The other two representative sites, 216-U-10 Pond and
216-A-25 Pond, do not meet the standard for protection of the environment.

6.2.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Reduction of toxicity, mobility, or volume would occur at all the waste sites in the form of
natural attenuation. Natural attenuation is a process that results in a reduction of toxicity,
mobility, or volume through the natural radioactive decay process. Radioactive decay is the only
process currently available to eliminate nuclear particle emissions. Most of the contaminants
identified during characterization would be influenced by the radioactive decay process;
however, concentrations are high enough to require long time periods for radionuclides to decayto PRG levels (hundreds and, in a few cases, thousands of years).

In EPA/5401/R-99/009, Use of Monitored Natural Attenuation at Superfund RCRA Corrective
Action and Underground Storage Tank Sites November 1997, OSWBR Directive 9200-4-17P, the
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EPA acknowledges that natural attenuation can be an appropriate treatment for contaminatedsoil. Because of uncertainties in the science of natural attenuation processes, the EPA considerssource control and performance monitoring to be fundamental components of the remedy. Theno-action alternative does not use any source control or monitoring. Because of theconcentrations of contaminants and the substantial length of time required for natural attenuation
processes to meet PRGs, this alternative fails to meet this criterion under CERCLA.

6.2.1.5 Short-Term Effectiveness

No short-term risks to humans would be associated with the no-action alternative becauseremedial activities would not be conducted Current risks to workers are not an issue because ofprotective soil covers and appropriate safety measures for work activities. Ecological riskcurrently exists at two representative sites (216-U-10 Pond and 216-A-25 Pond), and, therefore,this alternative fails to meet the criterion for short-term effectiveness at two of the representative
sites. These risks would not be mitigated in the no-action alternative.

6.2.1.6 Implementability

The no-action alternative could be implemented immediately and would not present anytechnical problems. Radionuclides at all of the waste sites addressed by this FS are currentlyundergoing natural attenuation.

6.2.1.7 Cost

The no-action alternative would involve no cost.

6.2.2 Detailed Analysis of Alternative 2 - Maintain
Existing Soil Cover, Monitored Natural
Attenuation, and Institutional Controls

Under this alternative, existing soil covers and/or caps would be maintained to provide protectionfrom intrusion by human and/or biological receptors. Legal and physical barriers also would beused to prevent human access to the site. The existing soil covers and/or caps would break thepathway between human and ecological receptors and the contaminants. Groundwater
monitoring is included in this alternative.

The following sections present a detailed analysis of Alternative 2 against the evaluation criteria.This analysis is summarized in Table 6-1.

6.2.2.1 Overall Protection of Human Health and the Environment

Alternative 2 would provide overall protection of human health and the environment for sitesthat show protection of groundwater and achieve human health and environmental protectionwithin 500 years. Because the viability of institutional controls cannot be ensured past500 years, this alternative fails to meet this criterion for sites with long-lived contaminants suchas plutonium, technetium, and uranium, because the waste sites would have contamination that
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would not attenuate to acceptable levels within 500 years. Risk assessment details are contained
in Chapter 2.0 and in Appendices C and E and are summarized in this section.

216-U-10 Pond and its Analogous Sites - All waste sites in this group exceed groundwater
protection criteria and exceed human health direct-contact and ecological PRGs in the 0 to 4.6 m(0- to 15-fl) zone, based on the evaluation of the 216-U-10 Pond representative site. As such,
this alternative is not protective of human health or the environment at the 216-U-10 Pond and itsanalogous site.

216-U-14 Ditch and its Analogous Sites - The 216-U-14 Ditch and its analogous sites exceedhuman health direct-contact PRGs in the 0 to 4.6 m (0- to 15-ft) zone, based on the evaluation ofthe 216-U-14 Ditch representative site. As such, this alternative is not protective of human
health at the 216-U-14 Ditch and its analogous sites, except at the 207-U Retention Basin,
currently being used as a collection and evaporation basin for storm water runoff. No loose
surface contamination has been measured within the basin since 1997, and there is no reason to
believe that contamination leaked out of this concrete structure. However, there is insufficient
characterization data to conclusively prove that there was no leakage at the site.

216-Z-11 Ditch and its Analogous Sites - The 216-Z-II Ditch and its analogous sites exceed
human health direct-contact PRGs in the 0 to 4.6 m (0- to 15-ft) zone, based on the evaluation of
the 216-Z- 11 Ditch representative site. In addition, an intruder analysis was performed on three
proximate Z-Ditches (216-Z- 11, 216-Z-ID, and 216-Z-19), and it was found that the
216-Z-1D Ditch and the 216-Z-19 Ditch posed a threat to intruders (Appendix E). Because theZ-Ditches rn close to each other and are sometimes difficult to distinguish one from the other
(as reported in DOE/RL-2003-1 1), it is assumed that the 216-Z- II Ditch and its analogous sites
pose a threat to intruders. Because of the threats to human health direct-contact and to intruders,
this alternative is not protective of human health at the 216-Z- II Ditch and its analogous sites.

216-A-25 Pond and its Analogous Sites - The 216-A-25 Pond exceeds human health
direct-contact PRGs in the 0 to 4.6 in (0- to 15-ft) zone. However, levels of radionuclides willdecrease to acceptable levels within 150 years. The 216-A-25 Pond exceeds nonradiological
ecological PRGs in the 0 to 4.6 m (0- to 15-ft) zone. As such, this alternative is not protective ofhuman health or the environment at the 216-A-25 Pond. Alternative 2 is protective for the
207-A North Retention Basin analogous site. This site consists of a series of three
Hypalon'-lined concrete basins. No leakage outside the basin assembly has been documented,
and the basins are not controlled radiologically.

216-T-26 Crib and its Analogous Site - All waste sites in this group exceed groundwater
protection criteria based on evaluation of the 216-T-26 Crib representative site. However, nocontamination was present in the 4.6 in (15-ft) bgs zone. The sites have significant
concentrations of radionuclides just below 4.6 m (15 ft). These radionuclides pose a risk tointruders above RAOs. These radionuclides will take 190 years to attenuate naturally to levelsthat would achieve PRGs for the protection of human intruders. As such, this alternative is notprotective of human health or the environment for these Waste sites.

'Hypalon is a registe-ed trademark of Dupont Dow Elastomers Limited Liability Company, Wilmington, Delaware.
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6.2.2.2 Compliance with Applicable or Relevant and Appropriate Requirements

Under Alternative 2, ARARs would not be met at any of the five representative sites. Risk
analysis (Chapter 2.0 and Table 2-6) shows that groundwater protection standards will beexceeded at the 216-U-10 Pond, 216-U-14 Ditch and the 216-T-26 Crib. Ecological protection
standards are exceeded at the 216-U-10 Pond and the 216-A-25 Pond. At the 216-U-10 Pond,and the 216-Z- 11 Ditch, human health direct-contract, PRGs will be exceeded past the 150-year
active institutional control period Thus, each representative site fails to comply with ARARs inat least one category.

For the 207-A-North Retention Basin, Alternative 2 will comply with all ARARs, as discussed inthe previous section.

6.2.2.3 Long-Term Effectiveness and Permanence

Human Health

Alternative 2 would rely on natural attenuation (e.g., radioactive decay) to decrease contaminants
until concentrations reached levels that would be protective of human health and the
environment. As mentioned under Alternative 1, natural attenuation is a proven and acceptable
technology. This alternative would incorporate the use of institutional controls to prevent
inadvertent human and biological intrusion into the waste until contaminant concentrations
reached acceptable levels. Institutional controls (e.g., deed restrictions, fencing, signage,
monitoring of groundwater) would be required components of this alternative. Although
institutional controls generally are considered to be proven and acceptable technologies meant toprevent access to hazards, they may not be effective for the extended lengths of time needed toaddress the contaminants at the waste sites in the 200-CW-5 OU, 200-CW-2 OU, 200-CW-4 OU,and 200-SC-I OU (i.e., hundreds to thousands of years). Institutional control and monitoring
would be required for the entire time that contaminants exceed PRGs to be effective.
Institutional controls are assumed to be lost after 500 years.

Table 2-3 summarizes risk assessments for the five representative sites and shows that in all
cases except at the 216-A-25 Pond, human health risks remain past the period of activeinstitutional control (150 years). In the case of the 216-Z-11 Ditch, human health direct-contact
doses remain above 15 mrem/yr for more than 1,000 years. At the 216-U-10 Pond,
216-U-14 Ditch, and the 216-T-26 Crib, groundwater protection standards are exceeded forlong-lived radionuclides, which will out-live the institutional control period. At the
216-A-25 Pond, only ecological PRGs are an issue after 150 years. While the radionuclides
contributing to ecological risk (Cs-137 and Sr-90) will decay substantially during this timeframe,chemical contaminants that pose ecological risk (arsenic, barium, and selenium) will not decay,and after the institutional control period it may be expected that the existing cap will erode,
exposing fauna to these contaminants.

216-U-10 Pond and its Analogous Sites - Under Alternative 2, chemicals and radionuclides
would remain in the vadose zone beneath the waste sites at concentrations above PRGs and thuswould be a potential threat to groundwater. In addition, radionuclides would remain in the wastesites in the 0 to 4.6 m (0- to 15-fl) zone at concentrations that would result in potential
direct-contact human health risk. The 216-U-10 Pond has contaminants that would remain past
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the assumed 150-year active institutional control period. Therefore this alternat
protective of human health in the long term. , ive is not

216-U-14 Ditch and its Analogous Sites - Under Alternative 2, chemicals and radionuclideswould remain in the vadose zone beneath the waste sites in the 0 to 4.6 m (0- to 15-ft) zone atconcentrations above PRGs and thus would result in a potential threat to groundwater.
Therefore, this alternative is not protective of human health in the long term.

216-Z-11 Ditch and Its Analogous Sites - Under Alternative 2, radionuclides would remain inthe waste sites in the 0 to 4.6 in (0- to 15-11) zone. These concentrations would exceed thehuman health guidelines of 15 mrem/yr and an ELCR of greater than I x 104 for direct-contacthuman health. In addition, radionuclides would remain in the 216-Z-19 Ditches atconcentrations that would result in potential risk to human intruders. These contaminants willremain beyond the assumed 150-year active institutional control period. Therefore, thisalternative is not protective of human health in the long term.

216-A-25 Pond and its Analogous Site - Risk analysis shows no long-term risk to groundwaterfrom the 216-A-25 Pond. However, under Alternative 2, radionuclides would remain in the 0 to4.6 (0- to 15-ft) zone at concentrations that would result in potential direct-contact humanhealth risk. By the end of the 150 years, these radionuclides will have decayed to levels that areprotective of human health. Ecological risk at the 216-A-25 Pond is from radiological andchemical contaminants; the radiological contaminants (Cs-137 and Sr-90) will have decayed tobelow PRGs by the end of 150 years; however, the chemical contaminants will require continuedcontrol. Therefore, this alternative is protective of human health in the long term.

216-T-26 Crib and its Analogous Sites - Under Alternative 2, chemicals and radionuclides inthis group would remain in the vadose zone beneath the waste sites at concentrations abovePRGs and thus would be a potential threat to groundwater. In addition, radionuclides wouldremain in the waste sites at concentrations that would result in potential risk to human intruders.The 216-T-26 Crib does not meet the 15 mrem dose to the public nor the CERCLA risk range ofa 10 to 10 ELCR under the intruder scenario. The representative site also has contaminantsthat would remain beyond the assumed 150-year active institutional control period. Intruders tothese waste sites could be exposed to significant radiological doses past 190 years. Therefore,this alternative is not protective of human health in the long term

Protection of Groundwater

216-U-10 Pond and its Analogous Sites - As demonstrated by the risk analysis, reported inChapter 2.0, and summarized in Tables 2-3 and 2-6, the 216-U-10 Pond exceeds groundwaterprotection PRGs for cyanide, fluoride, total uranium, Se-79, Tc-99, and several uraniumisotopes. This alternative is not protective of the groundwater for the 216-U-10 Pond.
216-U-14 Ditch and its Analogous Sites - As demonstrated by the risk analysis, reported inChapter 2.0, and summarized in Tables 2-3 and 2-6, the 216-U-14 Ditch exceeds groundwaterprotection PRGs for Tc-99 at 250 years and exceeds MCL at 470 years. In addition, severaluranium isotopes reach groundwater at 800 years and continue to increase after 1,000 years.This alternative is not protective of the groundwater for the 216-U-14 Ditch.
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216--11 Ditch and its Analogous Sites - Risk analysis shows no long-term risk togroundwater from the 216-Z-11 Ditch. Therefore, Alternative 2 would be protective ofgroundwater at this site.

216-A-25 Pond and its Analogous Site - Risk analysis shows no long-term risk to groundwaterfrom the 216-A-25 Pond- Therefore, Alternative 2 would be protective of groundwater at thissite.

216T-26 Crib and its Analogous Sites - As demonstrated by the risk analysis, reported inChapter 2.0 and summarized in Table 2-6, the 216-T-26 Crib exceeds groundwater protectionPRGs for cyanide, nitrate, nitrite, Tc-99, and several uranium isotopes. This alternative is notprotective of the groundwater for the 216-T-26 Crib.

The Environment

Only two of the representative sites (216-U-10 Pond and 216-A-25 Pond) have contaminantslocated in the shallow soils (0 to 4.6 mn [0- to 15-fl] bgs) that present potential risks to burrowinganimals. hn both cases, the risk to burrowing animals is reduced to acceptable levels shortly afterthe I 50-year active institutional control period. Therefore, this alternative provides long-termprotection to the environment for these sites.

6.2.2.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative 2 does not provide any engineered treatment to reduce toxicity, mobility, or volume.However, natural attenuation wiloccur through radioactive decay.
In EPA/540/R-99/009, the EPA acknowledges that natural attenuation can be an appropriatetreatment for contaminated soil. Because of uncertainties in the science of natural attenuationprocess, the EPA considers source control and performance monitoring to be fundamentalcomponents of the alternative.

This alternative provides a reduction in the mass of radioactive contaminants at each site. Allfive representative sites are within acceptable dose and risk guidelines for the 150-year activeinstitutional control period with existing soil cover. With out the existing soil cover, the216-Z-1II Ditch representative site exceeds acceptable dose and risk guidelines for the 150-yearactive institutional control period and at the end of a 500-year institutional control period. Theremaining representative sites are within acceptable dose and risk guidelines for the 500-yearinstitutional control period, with the exception of the 216-U-10 Pond. This site reaches anacceptable dose (14 nremlyr) within 300 years and is very close to the ELCR range ofnx t od10e (1-2 x 10 -4) within the 5OO-year institutional control period. Also, Alternative 2 doesnot provide a method to limit infiltration into three of the representative sites (216-U-10 Pond,216-U-14 Ditch and 216-T-26 Crib). These sites have mobile contaminants that are predicted toreach the groundwater. At the other two representative sites (216-Z-II Ditch and216-A-25 Gable Mountain Pond), there are no mobile contaminants of concern.
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6.2.2.5 Short-Term Effectiveness

6.2.2.5.1 Remediation Worker Risk

For Alternative 2, only minimal short-term worker risks are expected, and these risks are
associated with monitoring and maintenance activities. Experienced workers using appropriate
safety precautions would conduct these activities. Risks would decrease over time as the
radionuclides decay. As such, the risk to workers is qualitatively identified as low.
Additionally, DOE control of the Central Plateau is assumed for the next 50 years given DOE'scommitment to vitrify the waste in the tank farms. Therefore, failure of this alternative in theshort term is considered unlikely.

6.2.2.5.2 Impact to Environment during Remediation

This alternative reduces the risk to human and ecological receptors through the use of existingsoil covers and the implementation of institutional controls. Currently, all representative sitesexcept the 216-T-26 Crib have contamination within the shallow soils 0 to 4.6 m (0 to 15 ft). Assuch, short-term impacts to vegetation and wildlife may occur at these sites during the
implementation of this alternative. The waste sites have been highly disturbed, and the existingsoil cover provides protection for all but the deeply rooted plants or deep-burrowing animals.The short-term impacts to the environment are expected to be low.

6.2.2.5.3 Time to Meet the Remedial Action Objectives

In this alternative, RAOs can only be fully met through natural radiological decay of
contaminants, which can take hundreds to thousands of years to achieve. Therefore, thisalternative does not meet RAOs in a reasonable time frame except for two analogous sites(207-U Retention Basin and 207-A North Retention Basin), discussed earlier.

6.2.2.6 Implementability

Alternative 2 could be readily implemented and would not present technical problems. Thisalternative currently is being implemented through Hanford Site access controls, surface andsubsurface radiation area work and access controls, and the waste site/radiation area surveillanceand maintenance program.

6.2.2.7 Cost

Cost estimates for Alternative 2 were developed based on existing costs for similar activitiescurrently conducted on the Hanford Site. Details of the cost estimates are presented inAppendix D. Summarized costs for the representative and analogous sites are presented inTable 6-1. The input parameters used in these estimates are the best available at this time, but inmany cases the data on contaminants of concern, site locations, and site dimensions are limited.The uncertainties identified above are similar for all the sites evaluated in this FS. Despite theseuncertainties, the cost estimates are of sufficient quality to flulfill the primary objective, which isto aid in selecting preferred remedial alternatives.
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This alternative involves costs for activities similar to current activities. These involve periodicsurveillance of the waste sites for evidence of contamination and biologic intrusion;
emplacement of vegetation, herbicide application, or other activities to control deep-rootedplants; control of deep burrowing animals; maintenance of signs and/or fencing; maintenance ofthe existing soil cover (including an assumed periodic addition of soil); administrative controls;and site reviews. The present-worth costs assume a 3.2 percent discount rate (based on2003 Office of Management and Budget information) and assumes an operation and maintenanceperiod equal to the time required for PRGs to be met. Long-term monitoring costs associatedwith groundwater are not included in this cost estimate, because contaminated groundwater inthe 200 East Area will be addressed by the 200-BP-5 and 200-PO-1 groundwater OUs, andcontaminated groundwater in the 200 West Area will be addressed by the 200-UP-1 and200-ZP-1 OUs.

6.2.3 Detailed Analysis of Alternative 3 - Removal,
Treatment, and Disposal

Under Alternative 3, contaminated soil and debris (such as concrete or wood associated withcribs) would be removed, treated as necessary to meet disposal facility waste acceptance criteria,and transported for disposal at an approved waste disposal facility. Soils would be removed tomeet PRGs. Alternative 3 has two disposal paths: one for disposal of soils contaminated withtransuranic constituents above 100 nCi/g and one for disposal of soils that are not contaminatedabove these levels or that do not have transuranic constituents. These latter soils would bedisposed on-site at the Environmental Restoration Disposal Facility (ERDF). Soils are notanticipated to require treatment before disposal at the ERDF, based on the data collected for therepresentative and analogous waste sites. Alternative 3 would remove contaminated waste andsoil from waste sites to a depth to meet the RAOs.

One of the representative sites, the 216-Z- 1 Ditch, was found to have concentrations ofPu-239/240 above 100 nCi/g. The maximum concentration of Pu-239/240 found at this site was780 nCisg. The amount of plutonium that the site received during its operation is unknown.Excavated soil that is determined to contain more than 100 nCi/g of transuranic constituentswould be handled, packaged, stored, and ultimately disposed in accordance with ARARs.Disposal would likely occur at the Waste Isolation Pilot Plant (WIPP).

This alternative generally provides a high degree of overall protection of human health and theenvironment, because contaminants are removed to meet PRGs. Removal of the contaminantsprovides for the most flexibility for future land use,

This alternative would provide future protection to humans and the environment because thecontaminants are removed from the waste site. The groundwater would be protected Becausecontaminants above PRGs would be removed from a waste site and placed in an approved
disposal facility, failure of this alternative is not likely. Residual risks would be at acceptable
levels for protection of human health, the environment, and groundwater. Verification sampling
would be conducted to detennine that PRGs are met by the removal activities. Risks associated
with the failure of the disposal facility are not evaluated here, but are evaluated as part of thepermitting process for the facility.
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Some of the representaive sites have contamination greater than PRGs to depths near the watertable. Excavation to these depths and levels of contamination is difficult, requires workers to beexposed to the high contaminant concentrations as well as risks associated with deepexcavations, and has the potential to impact neighboring facilities, such as the tank farms. Thistype of excavation is expensive and creates considerable waste that requires disposal. Specialexcavation techniques, such as limited excavation lifts, and protection systems (e.g., equipmentmodifications, decontamination areas) likely would be necessary to support this alternative,which would significantly increase costs and disposal capacity (these are discussed in greaterdetail in the following subsections).

6.2.3.1 Overall Protection of Human Health and the Environment
Because this alternative removes contaminants that are above PRGs, it provides overallprotection (human health and the environment) in all cases.

216-U-1 Pond - Chemical and radiological contaminants in excess of the PRGs extendto a depth of at least 140 ift, the maximum depth of sampling. Because the effluentvolume discharged to the pond exceeded the soil column pore volume, it is reasonable toassume that contamination extends to the water table at 210 f. Excavating the site to thisdepth will provide overall protection of human health and the environment.
* 216-U-14 Ditch - Risk analysis of the 216-U-14 Ditch shows that radionuclides wouldremain in the 0 to 4.6 in (0- to 15-ft) zone at concentrations above human health PRGsand would persist until approximately 300 years. As demonstrated by the risk analysis,the 216-U-14 Ditch exceeds groundwater protection PRGs for Tc-99; however, the Tc-99of concern is still located within the 0 to 4.6 m (0- to 15-ft) zone. Therefore, excavatingthe site to 4.6 m (15 ft) will provide overall protection of humn health and theenvironmenit.

* 216-Z-11 Ditch - Risk analysis of the 216-Z- 1 Ditch showed that contamination abovePROS occurs only in the shallow zone (0 to 4.6 m [0 to 15 ift]). The intruder analysis(Appendix E) was performed on three proximate Z-Ditches (216-Z-1 1, 216-tm, and216-Z-19), and it was found that at the 216-Z-ID Ditch and the 216-Z-19 Ditch,contaminants would have to be removed to a depth of 4.6 m (15 ft) to eliminate potentialrisk to intruders. Because the Z-Ditches run close to each other and are sometimesdifficult to distinguish one from the other (as reported in DOERU20031 1), it isassumed that the 216-Z-I 1 Ditch and its analogous sites would all have to be excavatedto a depth of 4.6 m (15 ift) to ensure overall protection of human health and theenvironment.

" 216-A-25 Pond - Risk analysis of the 216-A-25 Pond shows that the only risk to humanhealth and the environment aifter the 150 years will be ecological risk from arsenic,barium, and selenium Therefore, excavating the site to 4.6 tn(15 ft) will provide overallprotection of human health and the environmentW

" 216-T-26 Crib - The risk analysis for the 216-T-26 Crib found in DOE/RL-2003-64,Feasibility Study for the 200-TW-1 Scavenged Waste Group, the 200-TW-2 Tank Waste
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Group, and the 200-PW-5 Fission-Product-Rich Waste Group Operable Units, showsthat contamin in excess of PRGs extend to a depth of 200 ft. Hence, excavation tothis depth would be required in this alternative to ensure overall protection of humanhealth and the environment.

6.2.3.2 Compliance with Applicable or Relevant and Appropriate Requirements
Alternative 3 would comply with chemical-specific ARARs by removing soil that exceeds thePRGs and by removing or abandoning structures. Removal of all contaminants would achievethe chemical-specific ARARs discussed in Section 6.2.1.2 for protection of human health,ecological receptors, and groundwater protection. Action-specific ARARs, such as worker,public, and environmental exposure standards, may be exceeded under this alternative duringimplementation unless proper precautions are taken. Other action-specific ARA~s that could bepertinent to Alternative 3 are Washington State solid and dangerous waste regulations (for
management of characterization and remediation wastes and perfornance standards for wasteleft in place), Atomic Ener Act of 1954 regulations (for performance standards for radioactivewaste sites), and Federal and state regulations related to air emissions. It is anticipated that theseARA~s could be met. No location-specific ARARs have been identified for the waste sitesaddressed in this FS.

6.2.3.3 Long-Term Effectiveness and Permanence

Human Health

With regard to human health, this alternative would be effective and permanent in the long termfor all sites because excavation activities under Alternative 3 would remove contaminants tomeet human health RAOs. EPA and Ecology cleanup authorities prescribe remedies that usepermanent solutions to the maximum extent practicable and where cost effective. Removal ofcontaminants would be a permanent solution at the waste sites; however, much of the wastewould remain on site at the ERDF or be disposed of at the WIPP geologic repository.

The removal of buried materials from the Central Plateau, for disposal on the Hanford Site at theEROF, transfers the long-term impact of buried waste from individual waste sites to oneconsolidated disposal f&cility. The ERDF is designed for long-term management of buriedwaste.

Protection of Groundwater

Contaminants are removed to meet the RAOs. Therefore, Alternative 3 meets this criterion.
The Environment

All contaminated soil in the 0 to 4.6 m (0- to 15-fl) bgs zone is removed in this alternative.Therefore, this alternative would be effective and permanent for all representative and analogoussites with respect to the environment. Excavation and transportation of waste and structureswould disturb areas beyond the waste site boundaries during the implementation period Theseareas would need to be revegetated after disturbance and would require activities to control
intrusion by non-native, noxious plants. This should not adversely affect the alternative in the
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long term or permanently. Because of the large volumes of backfill matel that would beneeded to fill excavations in excess of 60 m (200 ft), borrow area would be impacted Some ofthe identified borrow areas are in potentially ecologically sensitive areas.

6.2.3.4 Reduction of Toxicity, Mobility, or Volume through Treatment
Reduction of toxicity, mobility, or Volume would occur in the form of natural attenuation.Natural attenuation is a process that results in a reduction of toxicity, mobility, or volumethrough the natural radioactive decay process. Radioactive decay is the only process currentlyavailable to eliminate nuclear particle emissions Most Of the contaminants identified duringcharacterization would be influenced by the radioactive decay process; however, concentrationsare high enough to require long time periods for radionuclides to decay to PRG levels (hundredsand, in a few cases, thousands of years),

In EPA/5401m99/o0 9 , the EPA acknowledges that natural attenuation can be an appropriatetreatment for contaminated soil. Because of uncertainties in the science of natural attenuationprocess, the EPA considers source control and performane monitoring to be fundataentatcomponents of the alternative.

In general, the removal, treatment, and disposal alternative would include treatment to reducetoxicity, mobility, or volume. However, with the availability of the ERDF, treatment is notanticipated, nor is treatment anticipated for any waste planned for shipment to WIPP.Radiological decay ultimately results in reduction of toxicity and volume. Movement of thewaste to the ERDF or to the WIPP would result in reduction of mobility Both fcilities wouldprovide additional protection against remobilization of contaminants over their current location.
6.2.3.5 Short-Term Effectiveness

6.2.3.5.1 Remediation Worker Risk

The levels of contamination in many of the waste sites may pose a significant dose threat toworkers. The levels of Cs-137 and Sr-90 and potentially other radionuclides (e.g., Am-241 andplutonium in the Z-Ditches) may result in excavation and disposal activities being identified as
nuclear activities. hn addition, the levels may result in implementing remote-hanled remvaltechniques. Whether remote handled or contact handled, special safety controls will be requiredto address the contaminant concentrations. Shielded excavation equipment for these wastes willbe required to reduce worker dose. Additional measures are needed to limit the quantity ofexposed soil during excavation, such as a rolling excavation, where only a small portion of thewaste site is excavated at a time. The excavation is backfilled before the next small section ofthe waste site is exposed. Worker protection also may include providing filtered breathing airand dust suppression. These activities limit the worker, risk but also have a direct impact onschedule and cost. Based on the effectiveness of such controls, construction of a containmtstructure to further limit airborne releases may be needed Nonetheless, excavation with dustsuppression and health and safety controls has been proven to be effective in excavating largesoil sites. Worker dose calculations are contained in engineering files and summarized below foreach representative site.

6-18



DOERL-2004-24 DRAFT A

* 216-U-10 Pond - The primary radionuclides of concern to remediation workers areCs-137 and Co-60. Total cumulative radiation dose to all workers from implementingthis alternative is estimated to be 1.4 rem

* 216-U-14 Ditch - The primary radionuclide of concern to remediation workers isCs-137. Total cumulative radiation dose to all workers from implementing thisalternative is estimated to be 0.02 rem

* 216-Z-11 Ditch - The primary radionuclide of concern to remediation workers isAm-24 1. Total cumulative radiation dose to all workers from implementing thisalternative is estimated to be 5.8 remn

* 216-A-25 Pond - The primary radionuclide of concern to remediation workers is Cs-137.Total cumulative radiation dose to all workers from implementing this alternative isestimated to be 3.8 rem Because the analogous site to the 216-A-25 Pond, the207-A North Retention Basin, is much smaller than the 217-A-25 Pond and is assumed tohave simlar specific activity of radionuclides, the cumulative dose from renediation the207-A North Retention Basin will be much smaller. Based on the ratio of contaminated
volumes (Appendix D), the cumulative dose from remediation the 207-A North RetentionBasin will be very small (approximately 2 nrem).

* 216-T-26 Crib - The primary radionuclide of concern to remediation workers is Cs-137.Total cumulative radiation dose to all workers from implementing this alternative isestimated to be 0.6 rent

6.2.3.5.2 Impact to Environment during Remediation

Physical disruption of the waste sites during excavation, increased human activity, and noise, inaddition to the generation of fulgitive dust, affect local biological resources. However, the wastesites ar- located within historically disturbed industrial areas. Potential animal intrusion andbiological uptake also are issues that will require control of open excavations and exposedcontaminated soils at the end of each day. This control could be accomplished throughPlacement of covers or fixatives. Not only are digging aninmals a concern, but in open trencheswhere cellulose was used to control dust and other airborne releases, insects such as fruit fliesrepresent a further pathway to spread contamination. These are documented pathways at theHanford Site. Areas of disturbed surface are documented in Appendix D and reported below.Additional disturbed area was estimated to average 20 percent of the site area

d 216-U-to Pond - The surface area disturbed during excavation of this representative siteand its analogous waste sites will be 235 ha (580 a). A conservative assumption is that anadditional 47 ha (116 a) will be disturbedfrom activities such as stagg construction
activities and stockpiling clean soil, for a total disturbed area of 280 ha (700 a).

* 216-U-14 Dith - The surface area disturbed during excavation of this representative siteand its analogous waste sites will be 12 ha (30 a). it is assumed that an additional 2 ha(6 a) will be disturbed from activities such as staging construction activities andstockpiling clean soil, for a total disturbed area of 14 ha (36 a).
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" 216-Z-11 Ditch - The surface area disturbed during excavation of this representative siteand its analogous waste sites will be 3 ha ( a). It is assumed that an additional 0.6 ha(2 a) will be disturbed from activities such as staging construction activities andstockpiling clean soil, for a total disturbed area of 4 ha (8 a).
* 216-A-25 Pond - The surfae area disturbed during excavation of this representative siteand its analogous waste site (207-A North Retention Basin) will be 0.t1 ha (.3a)A slightly larger area will be impacted due to activities such as staging constructionactivities and stockpiling clean soil. The 216-A-25 Pond is not included, as impacts fromremediation of this site are included in another FS.

S216-T-26 Ci - The surface area disturbed during excavation of this representative siteand its anaogous te sites willbe5 ( 3 a). Itis assumed that an additional 1 ha(2 a) will be disturbed from activities such as staging construction activities andstockpiling clean soil, for a total disturbed area of 6 ha (15 a). The 216-T-26 Pond is notincluded, as impacts from remediation of this site are included in another F.
Alternative 3 may pose a significant short-term impact on the environment by disturbing areas ofrecovering habitat, such as the 216-.A-25 Gable Mountain Pond, where grasses are becomingmore prevalent. While the deeper-rooted plants currently are controlled, the grasses do providemore habitat than unvegetated areas. Additionally, the disruptive nature of the removal processcan have impacts on neighboring habitats and visiting wildlife, such as birds.

Transportation activities on the Central Plateau would increase as a result of bringingconstruction equipment to the site, transporting contaminated soils to the ERDE and WIYP, andbringing clean fill to the excavate sites. Because the ERDF is located onsite, minimaluncertainties are associated with the transport of waste. Excavated soils with transuranicconstituents above 100 nCi/g would be analyzed; treated, if necessary; and transported to theWIPP. The only waste currently identified in this FS as potentially requiring disposal to WPP(e.g., greater than 100 nCi/g) is 2064 m3 (2,700 yd) of soil beneath the 216-ti1 Ditch and soilbelow the analogous Z-Ditches. When excavated, this soil must be placed in containers,certified, and transported to the WIPP. These actions would cause short-term impacts,generating approximately 10,900 55-gal drums requiring transport to and disposal at the WPP.Air monitoring around the waste sites would be used to monitor potential air releases (e.g., wasteor fill-material particulates) that could affect the public and the environmet st

6.2.3.5.3 Time to Achieve the Remedial Action Objectives

This alternative prevents the risk to human or ecological receptors by moving the source to anengineered disposal facility Construction and waste excavation activities would be expected torequire several months to many years to complete. Once completed, all long-term RAOs will bemet (reducing risk to human health and ecological receptors, protection of groundwater, andreduction of exposure to industrial workers). The only RAOs not met are short-term concerns:preventing or reducing occupational health risks and minimizing the general disruption ofwildlife habitat. The issue of disruption of wildlife habitat is mitigated due to current and futureland use. These waste sites are located in an industrial setting providing little habitation forvegetation and wildlife. The following estimates of time to complete remediation activities
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under Alternative 3 are from Appendix D. The extremely long timeframe for some waste groupsare due to very conservative assumptions used in Appendix D, including the assumption thatonly two hydraulic excavators are used, operations are conducted 40 hours per week, and EkDFonly can accept 336 m3(440 yd) of waste per day.

" 216-U-10 Pond - Remediation of this representative site would take approximately
130 years. If analogous sites were to be remediated consecutively (one after the other)rather than concurrently with the representative site, and using the conservative
assumptions discussed above, the time to remediate the analogous sites would be anadditional 715 years, for a total of 845 years.

" 216-U-14 Ditch - Construction of the removal, treatment, and disposal alternative forthis representative site would take approximately 0.6 years. If analogous sites were to beremediated consecutively (one after the other) rather than concurrently with the
representative site, and using the conservative assumptions discussed above, the time toremediate the analogous sites would be an additional 3.3 years, for a total of 3.9 years.

* 216-Z-11 Ditch - Remediation of this waste site group would take approximately
1.5 years.

" 216-A-25 Pond - Remediation of this representative site would take approximately
11 years. However, the remediation impacts for the representative site are included inanother feasibility study. The time to remediate 207-A North Retention Basin would beapproximately 6-months after the notice to proceed.

" 216-T-26 Crib - Remediation of the 216-T-26 Crib analogous waste sites would takeapproximately 8.4 years. The 216-T-26 Pond is not included, as impacts from
remediation of this site are included in another FS

6.2.3.6 Implementability

Excavation is a proven and implementable technology used to remove wastes. Deeperexcavations will require the use of more sophisticated digging equipment and techniques, the useof approach ramps and shoring, extensive removal of clean material to obtain adequately safeside slopes, etc. The aboveground structures (e.g., vent pipes and concrete structures) would beremoved along with the waste site soil covers and contaminated soils. Every 0.3 m (I ft) ofexcavation would required 0.46 m (1.5 ft) of side slope for a 1:1.5 vertical to horizontal ratio.This safety measure significantly increases the amount of material excavated, but is consideredimplementable-

Depending on the location and excavation depth, the size of excavation for some sites mayinterfere with unrelated buildings, roads, utilities, other waste sites, and tank farms.

216-U-10 Pond and its Analogous Sites - To remove soils above the PRGs, the excavationwould be advanced to a depth of 64 in (210 ft) bgs. Every 0.3 m (1 ft) of excavation wouldrequire 0.46 in (1.5 ft) of side slope for a 1:1.5 vertical to horizontal ratio. This safety measuresignificantly increases the amount of material excavated. To remove the contaminants of
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concern at this group, 31 million n3 (41 million yd) of soil would have to be removed and sent
to ERDF. The remaining capacity of ERDF in February 2004 was 5.9 million n3
(7.7 million yd), so implementing this alternative for this group of waste sites will require
expansion of the ERDF. Four of the 216-U-1o Pond analogous sites are concrte contml
structures, and for estimating purposes it was assumed that these sites only were excavated to adepth of 4.6 in (15 ft).

216-U-14 Ditch and its Analogous Sites - To remove soils above the PRGs, the excavationwould be advanced to a depth of4.6 m (15 ft) bgs. Every 0.3 m (1 11) of excavation wouldrequire 0.46 m(1.5 ft) of side slope for a 1:1.5 vertical to horizontal ratio. This safety measuresignificantly increases the amount of material excavated. To remove the contaminants ofconcern at this group, 49,000 n3 (64,000 yd3) of soil would have to be removed and sent toERDE.

216-Z-11 Ditch and its Analogous Sites - To remove soils above the PRGs, the excavationwould be advanced to a depth of 4.6 m (15 ft) bgs. Every 0.3 m (1 ft) of excavation wouldrequire 0.46 m (1.5 ft) of side slope for a 1:1.5 vertical to horizontal ratio. This safety measuresigmificantly increases the amount of material excavated. To remove the contaminants ofconcern at this group, 28,000 m3 (36,000 yd) of soil would have to be removed and sent toERDF and WIPP. The volume that would go to WIPP would be determined by onsite samplingduring the excavation and packaging process. The estimated quantity of potential contaminatedsoil is not explicitly defined. This issue may require additional discussions with the operators ofthe W[PP facility, which is an open implemnentability issue.

216-A-25 Pond and its Analogous Site - To remove soils above the PRGs, the excavationwould be advanced to a depth of 4.6 m (15 ft) bgs. Every 0.3 m (1 ft) of excavation wouldrequire 0.46 m (1.5 f) of side slope for a 1:1.5 vertical to horizontal ratio. This safety measuresignificantly increases the amount of material excavated. To remove the contaminants ofconcern at waste site 207-A Retention Basin, 660 m3 (860 yd3) of soil would have to be removedand sent to ERDE.

216-T-26 Crib and its Analogous Sites - To remove soils above the PRGs, the excavationwould be advanced to a depth of61 m (200 ft) bgs. Every 0.3 m (1 ft) of excavation wouldrequire 0.46 m (1.5 ft) of side slope for a 1:1.5 vertical to horizontal ratio. This safety measuresignificantly increases the amount of material excavated. To remove the contaminants ofconcern at the 216-T-26 Crib analogous sites, 10,200 a 3 (13,300 yd) of soil would have to beremoved and sent to BRDF.

Coordination with other agencies and local governments would be necessary after approval ofthe alternative. Excavation and disposal would require coordination with state agencies to assess
matters relative to storm water control and the potential for radioactive air emissions.

The current remaining capacity of ERDF is 7.65 million n3 (as of February 6, 2004).Approximately 31 million m3 (41 million yd) of soils would be sent to the ERDF ifAlternative 3 were to be chosen for all waste sites addressed by this FS. The majority of thevolume would result from excavation of the 216-U-10 Pond and its analogous sites.
Representative sites 216-A-25 and 216-T-26 are not included in this volume estimate because
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these sites are addressed in FSs conducted for the 200-CW-l and 200-TW-l OUs; however, theiranalogous sites are included within this estimate. The disposal volume for all sites is31,079,828 n (40,651,139 yd), the current capacity of ERDF.

6.2.3.7 Cost

Costs include mobilizing personnel and equipment; monitoring, sampling, and analysis;excavating; disposing of the waste at the ERDF and WIPP; backfilling with onsite resources and
additional backfilling from a local stockpile; revegetating; and performing prime contractoroversight,

Costs are based on the use of standard excavation equipment (e.g., hydraulic excavators,front-end loaders, tractor trailers). The costs are based on the assumption that a subcontractorwould do the work, with oversight perforned by prime contractor personnel. Details of the costestimates are presented in Appendix D. Summarized costs for the representative and analogoussites are presented in Table 6-2. The programmatic disposal cost at WIPP are not included in thecost estimate. The average programmatic disposal cost assigned to Hanford for fiscal years 05and 06 average $31,366 per cubic meter per year ($23,980 per cubic yard per year). If this costwere added to the project disposal cost the total disposal, cost for this alternative would be$142,247,147.

6.2.4 Detailed Analysis of Alternative 4 - Capping

The following sections present a detailed analysis of Alternative 4 against the evaluation criteriaThis analysis is summarized in Table 6-3. Two types of caps were analyzed for this alternative.A Modified RCRA C barrier was analyzed for all of the waste sites except the 216-Z-11 Ditch.Because high concentrations of transuranics are present at the 216-Z-11 Ditch, the HanfordBarrier was analyzed for this representative site.

6.2.4.1 Overall Protection of Human Health and the Environment

This alternative would be protective of human health and the environment because the cappingsystem would break potential exposure pathways to receptors through placement of a surfacebarrier to limit infiltration and intrusion. The cap would be sufficiently robust to account for thetypes and levels Of contamination in the waste sites. A capping system would provide additionaldistance between potential human and ecological receptors, above and beyond the existing soilcovers over the waste sites. Additionally, the capping system would include a layer that wouldlimit unwanted intrusion, along with institutional controls such as monitoring, and provide awarning to potential intruders and notification of land-use restrictions.

Institutional controls, including maintenance of the cap, use restrictions, and monitoring, wouldbe instituted at capped sites until the PRGs are achieved through natural attenuation ,
Institutional controls would provide additional protection against human intrusion and would
provide for groundwater monitoring as a means of identifying impacts to groundwater.Groundwater monitoring would be coordinated with monitoring at the appropriate groundwateroU.
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The cap would be designed to address potential failure of the institutional controls and would
provide additional intrusion protection past the 500-year period and infiltration control to protect
groundwater. Integrity of the Hanford Barrier past a 1,000-year period is uncertain. However,
the Hanford Barrier meets the performance criteria of in 10 CFR 61.41 and 10 CFR 61.42. At
the other four representative sites, Alternative 4 would be protective because contaminants are
expected to attenuate within the service life of a Modified RCRA C barrier (500 years).

6.2.4.2 Compliance with Applicable or Relevant and Appropriate Requirements

Alternative 4 would comply with all ARARs for the waste sites by breaking the pathways for
exposure and emplacing caps that meet the intent of the regulations. In addition to the cap,
institutional controls such as additional land-use restrictions and groundwater monitoring are
elements of this alternative.

6.2.4.3 Long-Term Effectiveness and Permanence

Human Health

The capping alternative would be protective of human health and the environment by breaking
exposure pathways. Chemicals and radionuclides left in place at the waste sites would be
physically separated from receptors by the thickness of the cap and by the additional thickness of
the existing soil covers. Intrusion layers in the caps would help protect against inadvertent
intruders, along with institutional controls such as markers and use restrictions. Because
contaminants at the waste sites have the potential to impact groundwater, caps would be
designed to limit and control infiltration.

Caps can fail over time, especially if not properly maintained. The modified RCRA C cap has a
design life of 500 years; therefore, the cap likely would not require replacement for four of the
representative waste sites because PRGs are reached before the end of the 500-year design life.
TRU' contamination at the 216-Z- 11 Ditch is anticipated to take more than 1,000 years to
attenuate. The Hanford Barrier is designed for 1,000 years and would provide additional
protection and design life compared to a modified RCRA C cap. A surface barrier such as the
Hanford Barrier is proposed for Alternative 4 at the 216-Z-1 1 Ditch. Alternative 4 would be
effective and permanent for the other four representative and its analogous sites.

Because a significant amount of risk attenuates within the active institutional controls period for
sites with significant risk contribution from short-lived radioisotopes (all sites except the
Z-Ditches), failure of the caps in later years would be associated with lower risks than at present.
Additionally, the 5-year reviews required for sites with contaminants above PRGs would serve to
monitor the effectiveness and reliability of the caps; adjustments and maintenance activities
could be instituted to help prevent failure, based on the 5-year review results.

The long-term effectiveness depends on the proper construction and maintenance of the barrier
and associated institutional controls throughout the natural attenuation time frame to prevent

Waste materials contaminated with 100 nCi/g of transuranic materials having half-lives longer than 20 years.
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exposure to potential receptors. Maintenance activities would include erosion repairs and
possible vegetation maintenance. Subsidence is not considered to be a major factor in
maintenance activities for these waste sites. Failure of the cap is unlikely if maintenance and
institutional control activities continue. The assumption used is that institutional controls past
500 years or so would not necessarily be maintained and could fail. Caps would be designed and
constructed to account for the necessary time frame to reach PRGs and to minimize maintenance
requirements and impacts from institutional controls failure.

In addition, management controls (e.g., deed restrictions, fencing, signage, monitoring of
groundwater) would be required components of this alternative. Once remediated, the barrier
and surrounding disturbed area would be revegetated to further enhance evapotranspiration, limit
erosion, and blend the site area into the surrounding landscape.

216-U-10 Pond - The dominant short-lived contaminant of concern (Cs-137) for human health
direct-contact industrial dose at this representative site will reach PRGs in 280 years (Table 2-6).
There is no intruder risk at this site. Therefore, a 500-year cap would be adequate to protect the
industrial user. A groundwater protection cap will be needed to address chemical and
radiological contaminants listed in Table 2-3.

216-U-14 Ditch - The dominant short-lived contaminant of concern (Cs-137) for human health
direct-contact industrial dose at this representative site will reach PRGs in 210 years (Table 2-6).
There is no intruder risk at this site. Therefore, a 500-year cap would be adequate to protect the
industrial user. A groundwater protection cap will be needed to address radiological
contaminants listed in Table 2-3.

216-Z-1 I Ditch - Contaminants of concern for the representative site include transuranic
constituents above 100 nCi/g. The dominant contaminant of concern (Pu-239) for human health
direct-contact industrial dose and intruder dose at this representative site will reach PRGs in
more than 1,000 years. Therefore, a 1,000-year cap, a barrier type such as a Hanford Barrier,
will be required. In addition, this cap is protective of groundwater, although no groundwater ris
has been identified at this site.

216-A-25 Pond - The dominant short-lived contaminant of concern (Cs-137) for human health
direct-contact industrial dose at this representative site will reach PRGs at approximately
150 years. There is no intruder risk at this site. Therefore, a cap would not be necessary to
prevent human exposure after the institutional control period. However, ecological PRGs will be
exceeded beyond 150 years, so a cap will be required to protect ecological receptors.
A groundwater protection cap will not be required, because contaminants do not exceed
groundwater protection PRGs.

216-T-26 Crib - The dominant short-lived contaminant of concern (Cs-137) for human health
direct-contact dose at this representative site does not exceed PRGs and will reach PRGs for
intruder risk in approximately 190 years (Appendix E). Therefore, a 500-year cap will be
adequate to protect the inadvertent intruder. A groundwater protection cap will be needed to
address chemical and radiological contaminants listed in Table 2-3.
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Protection of Groundwater

This alternative is Protective of the groundwater because it limits infiltration at the waste site,The caps form a protective barrier from precipitation and intruder rik util AOs are met.Additionally, the 5-year review would fbcus on groundwater prteriso unti n and
effetivnes ofhe ap n adres thcuson roudwaer rotction monitoring andeffectiveness of the cap in addressing the mobile contaminants at depth (e.g., Tc-99, nitrates).

The Environment

This alternative would provide protection to the environment by placing a barrier between thewaste and the surface flora and fauna As previously mentioned, only two representative sites(216-U- 1o Pond and 216-A-25 Pond) fail the protection of the environment from an ecologicalperspective. At these two sites, the caps would be designed to prevent the intrusion ofdeep-rooted flora and burrowing fauna.

6.2.4.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Reduc ion of toxicity, mobility, or volume would occur in the form of natural attenuation. Thecapping alternative would rely on natural attenuation processes (most importantly radioactivedecay) to reduce radioactivity to levels that would not present a risk to human health or theenvironmentg Natural attenuation is a process that results in a reduction of toxicity, mobility, orvolume through the naural radioactive decay process. Radioactive decay is the only processcurrently available to eliminate nuclear particle emissions. Most of the contaminants identifiedduring characterization would be influenced by the radioactive decay process; however,concentrations are high enough to require extended periods for radionuclides to decay to PRGlevels (hundreds and, in a few cases, thousands of years).

hn B-PA/540/R.991o9, the EPA acknowledges that natural attenuation can be an appropriatetreatment for contaminated soil- Because of uncertainties in the science of natural attenuationprocess, the EPA considers source control and performance monitoring to be fundamentalcomponents of the alternative.

The capping alternative would address the mobility of contaminants by limiting infiltration to the
vadose zone, thereby limiting the driving force to move contaminants to the groundwater

6.2.4.5 Short-Term Effectiveness

6.2.4.5.1 Remediation Worker Risk

Experienced workers using appropriate safety precautions would conduct these activities. Risksto workers for this alternative were compared to the baseline no-action alternative. ForAlternative 4, only moderate short-term risks are expected. The capping alternative would notrequire excavation of contaminated soils, so the risks to workers primarily would be associatedwith general construction activities at the borrow sites and placement of the cap. If structureswere removed, workers could be exposed to potentially contaminated debris. Worker risk wouldbe controlled through adherence to site health and safety procedures. Air monitoring wouldaddress potential air releases (e.g., barrier-material particlates) that could affect the publicduring construction of the surface barriers.
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6.2.4.5.2 Impact to Environment during Remediation

Physical disruption of the waste sites during cap construction, increased hu dnoise, and the generation of fugitive dust affect local biolog ical rese man actvity and
sites are located within historically disturbed indusal area es urces. However, the waste
vegetation and animals at these sites would be low because these sites curently are poor wildlifehabitats; however, Cs-137 and Sr-90 have lowtcreening levels for biota, and exposure duringremediation could be at unacceptable levels if controls were not in place to limit access.

Construction activities at the waste sites could disrupt wildlife in the area because of increasednoise and human activity. However, most of the waste sites are located in areas already
disturbed by earlier facility operations and in areas adjacent to ongoing facility operations, so
impacts on biological resources would be low.

6.2.4.5.3 Time to Meet the Remedial Action Objectives

The foowng estimates Of time to complete reediation activities under Alternative 4 are fromAppendix D. Appendix D calculated time to complete remediation for the representative sitesonly, time to complete remediation for the analogous sites was calculated by using the capsurface areas ratio. This technique may overestimate time to complete remediation for the entirewaste group, since operations may proceed concurently rather than consecutively.

* 216--10 Pond - Design and construction of the cap for this waste group would takeapproximately 6.7 years.

* 216--14 Ditch - Design and construction of the cap for this waste group would takeapproximately 9.6 years.

*216-Z-11 Ditch -- Design and construction of the cap for this waste group would takeapproximately 2.3 years.

* 216-A-25 Pond -- Design and construction time for the 16-A-25 Pond is not included, asthis was accounted for in another Feasibility Study. Design and construction time foranalogous site 2 07-A-North Retention Basin was not calculated in Appendix D. However,because the site is very small (0.1 ha (0.2 acre)), design and construction time will not takemore than a few months.

* 216-T-26 Crib -- Design and construction of the cap for 216-T-26 Crib analogous waste siteswould take approximately 3.6 months. Design and construction time for the 216-T-26 Crib isnot included, as this was accounted for in another Feasibility Study.

6.2.4.6 Implementability

The capping alternative is considered implementable at all waste sites. A prototype HanfordBarrer has been implemented at the Hanford Site at the 216-B-57 Crib (CP- 14873,200-BP- Prototype Hanford Barrier Annual Monitoring Reportfor Fiscal Year 2002). Othertypes of barriers (including the modified RCRA C cap) have not been used at the Hanford Site,but have been implemented at other sites and are easy to construct and maintain. The existing
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soil covers over the waestes would be considered a part of the overall design to minimize thecost of materials and Wamininiize the impact to visual aesthetics.

Construction cof sthecaps would follow standard procedures that have been thoroughly fieldtestti Te alikey.would require minor repair and possibly replacement during therestoration time frame. Monitoring the continued integrity of the caps would be accmlsethrough visual inspection and would be supplemented with groundwater sampli ccomplished
Implementation of the capping alternative would require additional design data ng.
(e.g., ground-penetrating radar) and possibly confirmatory sampling, because existing data mynot be adequate for determining the lateral extent of the caps.

Gravel, sand, and silt/loam soil used for the caps would be transported from borrow areas locatedon or near the Hanford Site. Anticipated volumes of these materials are identified inAppendix D. Area C currently is being evaluated as a silt borrow location; the area has a largevolume of fine-grained naterial. Other locations have not yet been determined. Soil most likelywould came from near the waste sites or from Pit 30, which is located between the 200 East and200 West Areas. Analyses of an appropriate borrow area for silt/loam soil would be the subjectof a future NEPA evaluation to determine a location with the least impacts to naural and culturalresources. Borrow material occurs in environmentally sensitive areas; obtaining sufficientcapping material, especially for a multilayered cap, would affect areas of ecological significanceand is a consideration in evaluating the relative risk reduction gained by installing the cap.Materials such as rip-rap that nay be used in the cap construction could be obtained on theHanford Site or could be purchased from local dealers.

Capping materials hauled to the Central Plateau from borrow areas and gravel pits within theHanford Site would increase heavy equipment use and transportation activities at the sites.However, radioactive or hazardous waste would not have to be hauled from the Site.
6.2.4.7 Cost

Costs, shown in Table 6-3, include stabilization of the existing site; excavation or import,transportation, and placement of capping material; compaction of the cap; prime contractoroversight; and confirmatory sampling. Costs are based on the use of standard equipment(e.g., hydraulic excavators, front-end loaders, dozers) and assume that a subcontractor would dothe work, with oversight performed by the prime contractor. The subcontractor personnel areassumed to be wearing Level D personal protective equipment (e.g., blues and no respirators)during construction. The present-worth costs assume a 3.2 percent discount rate (based on2003 Office of Management and Budget information) and assume operations and maintenancefor 150 years. The operations and maintenance costs include site spectionssurveillance eperiodic radiation site surveys of surface soil, biotic control, maintenance of signs and markers,cover maintenance, and site reviews. Long-term monitoring costs associated with groundwaterare not included within this cost estimate because contaminatet groundwater in the 200 EastArea will be addressed by the 200-BP-5 and 200-PO-i groundwater OUs, and contaminatedgroundwater in the 200 West Area will be addressed by the 200-UP-I and 200-ZP-I OUs.
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6.2.5 Detailed Analysis of Alternative 5 - Partial
Removal, Treatment, and Disposal with Capping

This alternative includes the removal of contaminants extending to depths shown in Table 5-2.The excavation would be filled with borrow material obtained on the Hanford Site. When thebackfilling operation is finished, the site would be capped. These activities remove a significantfraction of the near-surface contaminant load and still provide protection to the groundwaterfrom deeper contaminants that are impracticable to remove. The removal, treatment, disposal,and capping activities would be the same as those described earlier. This alternative is notapplicable to sites where contamination is shallow with no deep component or wherecontamination is very deep with no shallow component.

6.2.5.1 Overall Protection of Human Health and the Environment

This alternative would break potential exposure pathways to receptors through placement of acap to limit infiltration. The cap would provide additional distance between potential human andecological receptors. The partial removal activity would remove the high contamination zone atthe bottom of the waste site, leaving only the lower concentration, deeper contaminants thatmainly pose a risk to groundwater. Partial removal of the more shallow contamination wouldreduce human health and ecological risk for those sites where contamination is in the 0 to 4.6 m(0- to 15-ft) bgs zone and intruder risk associated with the high concentrations at the bottom ofthe waste site (see Appendix E). While, in the long term, this alternative is protective of humanhealth and the environment, the radiological risk to workers during the excavation essentially isthe same as for Alternative 3, because the material being removed under Alternative 5 is thesame material that causes most of the dose for the full-excavation alternative.

Institutional controls, including maintenance of the cap, land-use restrictions, and monitoring,would be instituted at capped sites until the RAOs are achieved through natural attenuation. Thecap would be designed to maximally limit infiltration. Institutional controls would provideadditional protection for groundwater monitoring by providing a means to identify potentialimpacts to groundwater.

216-U-10 Pond - The 216-U-10 Pond and analogous sites are candidates for this alternative.Although risk analysis for the 216-U-10 Pond showed no risk from the intruder scenario, humanhealth direct-contact PRGs are exceeded in the shallow zone (0 to 4.6 m [0 to 15 ft]), andgroundwater protection PRGs are exceeded in the deeper zone.

216-U-14 Ditch - The 216-U-14 Ditch and analogous sites are not candidates for this altemative.Risk analysis for the 216-U-14 Ditch showed that human health direct-contact PRGs areexceeded in the shallow zone (0 to 4.6 m [0 to 15 ft]). However, groundwater protection PRGsare not exceeded in the deeper zone. Therefore, once the site is excavated to 4.6 m (15 ft), thereis no need for a cap, and these sites are not candidates for this alternative.

216-Z-11 Ditch - Risk analysis of the 216-Z- 1 Ditch showed that contamination above PRGsoccurs only in the shallow zone (0 to 4.6 in [0 to 15 ft]). The intruder analysis (Appendix E) wasperformed on three proximate Z-Ditches (216-Z- 11, 216-Z- 1 D, and 216-Z- 19), and it was foundthat at the 216-Z-LD Ditch and the 216-Z-19 Ditch, contaminants would have to be removed to adepth of 4.6 m (15 ft) to eliminate potential risk to intruders. Because the Z-Ditches run close to
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each other and are sometimes difficult to distinguish one from the other (as reported inDOE/RL-2003-1 1), it is assumed that the 216-t 1 Ditch and its analogous sites would all haveto be excavated to a depth of4.6 m(15 11) to ensure overall protection of human health and theenvironment. However, after removal of contamination to the 4.6 in (15-f) depth, site RAOswill be met. Therefore, these sites are not candidates for this alternative

216-A-25 Pond - Risk analysis of the 216-A-25 Pond showed that contamination above PROSoccurs only in the shallow zone (0 to 4.6 m [0 to 15 ftJ). After remova of contamination to the4.6 m (15-f) depth, site RAOs will be met. Therefore, the 216-A-25 Pond and its analogous siteare not candidates for this alternative.

216-T-26 Crib - The 216-T-26 Crib contains contaminants to a depth of 9.1 m (30 11) thatpresent a risk to intruders and contains contamination in deeper zones that are a threat togroundwater. Therefore, the 216-T-26 Crib and its analogous sites are candidates forAlternative 5.

6.2.5.2 Compliance with Applicable or Relevant and Appropriate Requirements
Alternative 5 would comply with ARts for the waste sites by breaking the pathways forexposure and emplacing caps that meet the intent of the groundwater protection regulations. Inaddition to the cap, institutional controls such as additional land-use restrictions and groundwatermonitoring are elements of this alternative.

6.2.5.3 Long-Term Effectiveness and Permanence

Human Health

With regard to human health, this alternative would be effective and permanent in the long termbecause excavation activities under Alternative 5 would remove contamants to meet directexposure human health and intruder RAOs, and placement of a cap would limit infiltration ofwater to the vadose zone. EPA and Ecology cleanup authorities prescribe remedies that usepermanent solutions to the maximum extent practicable and where cost effective. Removal ofcontaminants would be a permanent solution. This action would remove any potential human orecological direct-contact exposure.

Under this alternative, the most highly contaminated soils would be removed and disposed ateither the ERDF or the WIPP. The removal of buried materials from the Central Plateau, fordisposal on the Hanford Site at the ERDF, transfers the long-term impact of buried waste fromindividual waste sites to one consolidated disposal facility. The FRDF is designed for long-termmanagement of buried waste.

216-U-10 Pond and its Analogous Sites - This alternative will remove contaminants in theshallow zone (to 4.6 m [15 ft]), thereby eliminating long-term human health direct-contct andecological risk. No long-term intruder risks were identified from the risk analysis inAppendix E. Groundwater protection PRGs are exceeded at this site, and placement of a cap willlimit infiltration and therefore will protect groundwater for the duration of the cap.
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216-U-14 Ditch and its Analogous Sites - This alternative would remove contaminants in theshallow zone (to 4.6 m [15 ft]), thereby eliminating long-term human health direct-contact risk.No long-term intruder risks were identified from the risk analysis in Appendix E. Althoughgroundwater protection PRGs are exceeded, contaminants currently reside in the shallow zone.Therefore, once the site is excavated to 4.6 m (15 ft), there is no need for a cap, and these sitesare not candidates for this alternative.

216-Z-11 Ditch and its Analogous Sites - The 216-Z-l1 Ditch and its analogous sites areassumed to exceed human health direct-contact PRGs in the 0 to 4.6 m (0- to 15-f1) zone, basedon the evaluation of the 216-Z- 11 Ditch representative site. In addition, an intruder analysis wasperformed on three proximate Z-Ditches (216-Z- 11, 216-Z-LD, and 216-Z-19), and it was foundthat all three ditches pose a threat to intruders (Appendix E). This alternative would removecontaminants in the shallow zone (to 4.6 m [15 ft]), thereby eliminating long-term human healthdirect-contact and intruder risk. Groundwater protection PRGs are not exceeded at this site.Therefore, after removal of contamination to the 4.6 m (15-ft) depth, long-term human healthrisks will be eliminated, and these sites are not candidates for this alternative.

216-A-25 Pond and its Analogous Site - This alternative will remove contaminants in theshallow zone (to 4.6 m [15 ft]), thereby eliminating long-term human health direct-contact risk.No long-term intruder risks were identified from the risk analysis in Appendix E. Groundwaterprotection PRGs are not exceeded at this site. Therefore, after removal of contamination to the4.6 m (15-ft) depth, long-term human health risks will be eliminated, and these sites are notcandidates for this alternative.

216-T-26 Crib and its Analogous Sites - This site has contamination that would remain beyondthe assumed 150 years of active institutional controls and would pose a risk to intruders. Partialremoval of the contamination to 9.1 m (30 ft) would reduce the intruder dose to less than15 mrem/yr. Groundwater protection PRGs are exceeded at this site, and placement of a capwould provide protection for groundwater for the duration of the cap.

Protection of Groundwater

Alternative 5 would protect groundwater through placement of a cap that would limit infiltration.In addition to the cap, institutional controls such as additional land-use restrictions andgroundwater monitoring are protective elements of this alternative.

The Environment

All contaminated soil in the 0 to 4.6 m (0- to 15-ft) bgs zone is removed in this alternative.Therefore, this alternative provides long-term protection to the environment followingimplementation.

6.2.5.4 Reduction of Toxicity, Mobility, or Volume through Treatment

The partial removal, treatment, and disposal with capping alternative would address the mobilityof contaminants by removing a portion of the contaminates and limiting infiltration to the vadosezone, thereby limiting the mass and driving force to move contaminants to the groundwater.Natural attenuation is an important treatment component of this alternative that results in the
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reduction of toxicity, mobility, and volume of the radionuclides Movement of the waste to theERDF will result in a perceived reduction of mobility, because ERDF is a potentially less mobileenvironment that includes monitoring.y

6.2.5.5 Short-Term Effectiveness

6.2.5.5.1 Remediation Worker Risk

Experienced workers using appropriate safety precautions would conduct these activities. Risksto workers for this alternative were compared to the baseline no-action alternative. Short-termeffects of this alternative would be associated primarily with worker safety during wasteexcavation (soil and structures) transportation, and disposal. Unprotected workr stunacceptanle risk because of the concentrations and nature of the contaminants at the waste sites.The major contaminants in most of the waste sites are short-lived radionuclides (Cs- 137 andSr-90) that emit relatively high radiation. The highest risk, in the Z-Ditches, is from Am-241and plutonium isotopes. Excavation workers, truck drivers, and waste management workerswould be exposed to dose rates that require special protections. These protections would includeshielding, high-efficiency particulate air filtration for breathing air and equipment modificationto provide additional shielding from the source. These precautions significantly increase costs;however, excavation with dust suppression and health and safety controls has been proven tohandle potential problems with excavating large soil sites. Worker radiation doses for this
alternative are very similar to Alternative 3, because most of the radioactivity is in the upperlayers of soil. These doses, for the representative sites, are as follows.

216--10 Pond -The pmary radionuclides of concern to remediation workers are Cs-137 andCo-60. The total cumulative radiation dose to all workers from implementing this alternative atthe 216-U-10 Pond is estimated to be 1.4 rem.

216-U-14 Ditch - These sites are not candidates for Alternative 5.
216Z-1I Ditch - These sites are not candidates for Alternative 5.
216-A-25 Pond - These sites are not candidates for Alternative 5.
216-T-26 Crib - The primary radionuclide of concern to remediation workers is Cs-137. Thetotal cumulative radiation dose to all workers from implementing this alternative at the216-T-26 Crib is estimated to be 0.6 rem.

These sites are not candidates for Alternative 5.

6.2.5.5.2 Impact to Environment during Remediation

Most of the short-term impacts to the environment from this alternative will be from theexcavation phase of the work. Physical disruption of the waste sites during excavation, increasedhuman activity and noise, in addition to the generation of fugitive dust, affect local biologicalresources- However, the waste sites are located within historically disturbed industrial areas.

6-32



DOFRL-2004-24 DRAFT A

216-U-10 Pond - The surface area disturbed during excavation and capping of t
representative site and its analogous waste sites will be 61 ha (150 a). It is assumed that anadditional 12 ha (30 a) will be disturbed from activities such as staging construction activitiesand stockpiling clean soil, for a total disturbed area of 73 ha (180 a).

216-U-14 Ditch - As described earlier, these sites are not candidates for Alternative 5.
216-Z-11 Ditch - As described earlier, these sites are not candidates for Alternative 5.
216-A-25 Pond - As described earlier, these sites are not candidates for Alternative 5.
216-T-26 Crib - The only site in this group suitable for Alternative 5 is the 216-T-36 Crib. Thesurface area disturbed during excavation and capping of the 216-T-36 Crib will be 0.1 ha (0.2 a).
Transportation activities on the Central Plateau would increase as a result of bringingconstruction equipment to the site, transporting contaminated soils to the ERDF and WIPP, andbringing clean fill to the excavated sites. Because the ERDF is located onsite, minimaluncertainties are associated with the transport of waste. Excavated soils with transuranicconstituents above 100 nCi/g would be analyzed, trated, if necessary, and trasported to theWIPP. The only waste currently identified in this FS as potentially requiring disposal to WIPP(e.g., greater than 100 nCi/g) is 2100 in3 (2,700 yd3) of soil beneath the 216--i I Ditch andanalogous Z-Ditches Because these sites are not candidates for Alternative 5, the handling,transportation, and disposal of trisuranic soils is not an issue for Alternative 5. Air monitoringaround the waste sites would be used to monitor potential air releases (e.g., waste or fill-materialparticulates) that could affect the public and the enviro.ment s

Alternative ,may pose a significant short-term impact to the environment by disturbing areas ofrecovering habitat, such as the Gable Mountain Pond, where prasses are becoming moreprevalent. While the deeper-rooted plants are currently controlled, the grasses do provide morehabitat than unvegetated areas. Additionally, the disruptive nature of the removal process canhave impacts on neighboring habitats and visiting wildlife, such as birds.

6.2.5.5.3 Time to Meet the Remedial Action Objectives

216-U-jo Pond - Design and construction of the partial removal, treatment, disposal, andcapping alternative for this representative site would take approximately 7.4 years, based on thevery conservative assumptions used in Appendix D. These assumptions include the use of twoexcavators working a 40-hour week, and an ERDE receipt limit of 336 M3 (440 yd3) per day.Once the contaninants are removed and the cap is installed, four of the five RAOs are met- Theonly RAO potentially not met is minimizing the general disruption of wildlife habitat. However,these waste sites are located in an industrial setting, providing little habitat for vegetation andwildlife. If analogos sites were to be remediated consecutively (one after the other) rather thanconcurrently with the representative site, and using the conservative assumptions discussedabove, the time to remediate the analogous sites in this waste group would be an additional24.4 years, for atotal of31.8 years.
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216-U-14 Ditch - As described earlier, these sites are not candidates for Alternative 5.
216-Z-11 Ditch - As described earlier, these sites are not candidates for Alternative 5.
216-A-25 Pond - As described earlier, these sites are not candidates for Alternative 5.
216-T-26 Crib - The only site in this group suitable for Alternative 5 is the 216-T-36 Crib. Thedesign and construction of the partial removal, treatment, disposal, and capping alternative forthis site would take approximately 3.5 months. Once the contaminants are v d this installed, four of the five RAOs are met. The only RAO potentially not met is minimizing the
general disruption of wildlife habitat. However, this waste site is located in an industrial setting,providing little habitat for vegetation and wildlife.

6.2.5.6 Lnplementability

The implementability of this alternative is similar to Alternatives 3 and 4. The excavation ofcontaminated soils is technically implementable, although the use of more sophisticated
excavation equipment and techniques would be required for the high-dose areas. Every 0.3 m(1 ft) Ofexcavation would require 0.5 in (1.5 fi) of side slope for a 1:1.5 vertical to horizontalratio. This safety measure significantly increases the amount of material excavated, but isconsidered tnhplerentable. All excavated material would be disposed of at the onsite disposalfacility (ERMF) or, if needed, at the WLPP. The current remaining capacity of ERiDF is7.65 million in3 (as of February 6, 2004).

Construction of the caps would follow standard procedures that have been thoroughly fieldtested. The caps likely would require repair during the restoration timeframe. Monitoring thecontinued integrity of the caps would be acconplished through visual inspection and would besupplemented with groundwater sampling. Implementation of the capping alternative wouldrequire additional design data (e.g., ground-penetrating radar) and possibly confirmatorysampling, because existing data may not be adequate for determining the lateral extent of thecaps-

Gravel, sand, and silt/loam soil used for the caps would be transported from borrow areas locatedon or near the Hanford Site. Anticipated volumes of these materials are identified inAppendix D. Area C currently is being evaluated as a silt borrow location; the area has a largevolume of fine-grained material, Other locations have not yet been determined Soil most likelywould Come from near the waste sites or from Pit 30, which is located between the 200 East and200 West Areas. Analyses of an appropriate borrow area for silt/loam soil would be the subjectof a future N PA evaluation to daemiine a location with the least impacts to natural and culturalresources. Borrow material occurs in environmentally sensitive areas; obtaining sufficientcapping material would affect areas of ecological significance and is a consideration inevaluating the relative risk reduction gained by installing the cap.

Limited coordination with other agencies and local governments would be necessary afterapproval of the alternative. Excavation and disposal would require coordination with stateagencies to assess matters relative to storm water control and the potential for radioactive airemissions.
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216-U-1t Pond and its Analogous Sites - These sites would be excavated to a depth of 4 .6 m(15ft). A total of 2 million m3 (2.7 million yd) of contaminated soil will be removed from the216-U-j10 Pond and its analogous sites in this alternative (see Appendix D).
216-U-14 Ditch and its Analogous Sites - As described earlier, these sites are not candidatesfor Alternative 5.

216-Z-11 Ditch and its Analogous Sites - As described earlier, these sites are not candidates forAlternative 5.

216-A-25 Pond and its Analogous Site - As described earlier, these sites are not candidates forAlternative 5.

216-T-26 Crib and its Analogous Sites - The only site in this group suitable for Alternative 5 isthe 216-T-36 Crib. This site would be excavated to a depth of 9 .2 m (30 ft). A total of 1,300 m3(1,700 yd&) of contaminated soil will be removed from this site in this alternative (seeAppendix D). The 216-T-26 Pond is not included, as impacts from remediation of this sitc areincluded in another FS

If Alternative 5 were to be athe 6-U- 0 Pond and 216-T-26 Crib, a total of2 million in3 (2.7 million yd) of soil would be disposed of at the ERDF. The current remainingcapacity of ERDF is 7.65 million m (as of February 6, 2004).

6.2.5.7 Cost

Costs, shown in Table 6-4, include stabilization of the existing site; excavation or import,transportation, and placement of material; compaction of the cap; prime contractor oversight; andconfirmatory sampling. Costs are based on the use of standard equipment (e.g., hydraulic
excavators, front-end loaders, dozen) and assuee that a subcontractor would do the work, withoversight performed by the prime contractor. The subcontractor personnel are assumed to bewearing Level 1) personal protective equipment (e.g., blues and no respirators) duringconstruction The present-worth costs assume a 3.2 percent discount rate (based on 2003 Officeof Management and Budget information) and assumes operation ansi maintenance for the lengthof time needed to reach PROS. The operation and maintenance costs include siteinspectionsuveillance, periodic radiation site surveys of surface soil, and biotic control;maintenance of signs and markers; cover maintenance; and site reviews. Long-term monitoringcosts associated with groundwater are not included in this cost estimate because contaminatedgroundwater in the 200 East Area will be addressed by the 200-BP-5 and 200-PO- I groundwaterOUs, and contaminated groundwater in the 2o West Area will be addressed by the 200-UP-Iand 200-ZP-1 OUs.

6.2.6 Detailed Analysis of Alternative 6 - In Situ
Vitrification

This alternative is applicable to the 216-Z- 1 Ditch representative waste site and the analogousZ-Ditches, only because of the high concentration of TRU radionuclides and a waste siteconfiguration that is shallow and narrow (e.g., less than 20 ft deep and less than a 40 ft width).

6-35



DOERL-2004-24 DRAFT A

More so than the other sites, this "long-narrow-shallow" configuration is potentially suitable formn situ vitrification (ISV) In comparison the presence of high concentrations of TRUcontminants would make Alternative 3 relatively expensive (due to hauling, transportation, anddisposal at WLPP).

As described in Chapter 4.0, ISV applies an electrical current to melt contaminated soil andforms a stable, vitrified mass when cooled- The stable mass chemically incorporates mostinorganics (including heavy metals and radionuclides) and destroys or removes a organiccontaminants. Convective mixing that occurs during vitrification will cause the contaminants tobe mixed throughout the melt matrix.

Alternative 6 may require continuing institutional controls and monitoring to protect againstintrusion and to verify that the design specifications for immobilization are met Use of the ISValternative for long-lived radioisotopes (specifically, TRU contamination in the Z-Ditches) musrecognize that the effectiveness of institutional controls beyond 500 years is uncertain, andtherefore it is important that the final waste form have long-term stability. Tests and naturalanalogs have shown vitrified waste to have such long-term stability.

This alternative has the potential to provide a high degree of overall protection of human healthand the environment because contaminants are converted to a stable form with very lowleachability However, of the alternatives considered in this FS, ISV is the least technicallyproven for routine, large-scale application.

The following sections present a detailed analysis of Alternative 6 against the evaluation criteria.This analysis is summarized in Table 6-5.

6.2.6.1 Overall Protection of Human Health and the Environment
Alternative 6 is considered protective of human health and the enviroment for the Z-Ditchesbecause it immobilizes the contaminants, preventing further migration. However, the riskassessment shows that the Z-Ditches have long-tem human direct-contact and intruder risk.Placing the waste in a stable form will mitigate these risks but may not eliminate them.Therefore, a cap, similar to the cap used in Alternative 5, may be required to augmentprotectiveness. Because the direct-contact and intruder risks are caused by long-livedtransuranics, doses will remain above acceptable levels for more than 1,000 years.
Because, under this alternative, the higher contaminant concentrations would be immobilized,failure of this alternative is not likely. Sampling would be performed to verify that the finalwaste form meets design specifications. Institutional controls may be required, and wouldinclude maintenance of the cap, land-use restrictions, and monitoring.

6.2.6.2 Compliance with Applicable or Relevant and Appropriate Requirements
Alternative 6 complies with ARARs by breaking exposure pathways. Contaminants areimmobilized, preventing migration of treated waste through the vadose zone. If radiation dosesin the 0 to 4.6 m (0- to 15-ft) zone are above PRGs, a cap similar in construction to the capdiscussed for Alternative 5 may be required to meet ARARs. Groundwater protection standardsare not exceeded at the Z-Ditches.
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6.2.63 Long-Tern Effectiveness and Permanence

Human Health

With regard to human health, this alternative would be effective and permanent in the long termbecause ISV activities under Alternative 6 would immobilize contaminants to meet intruder anddirect exposure human health RAOs. To be effective in the long-term a cap may be required ifsurface dose remains a problem after implementation of the alternativey

Groundwater Protection

Groundwater protection standards are not exceeded at the Z-Ditches.
The Environment

Alternative 6 would be protective at the selected sites because ISV would permanently bind thecontamination into a glass matrix, which would result in low contaminan leaching potential.Penetration by burrowing animals would be unlikely; furthermore, the risk analysis (Chapter 2.0)shows that ecological risks at the Z-Ditches are negligible.

6.2.6.4 Reduction of Toxicity, Mobility, or Volume through Treatment
Alternative 6 reduces toxicity and mobility by immobilizing contaminants and binding them intoa glass-like matrix that has low contaminant leaching potentiaL During the vitrification process,the volume of contaminated soil generally is reduced by approximately 20 to 50 percent(EPA/540/Rr94/52., Geosafe Corporation In Situ Vitnfication, Innovative TechnologyEvaluation Report). Natural attenuation is an important treatment component of this alternativethat results in the reduction of toxicity, mobility, and volume of the radionuclides. Thisalternative would rely on natural attenuation processes (most importantly radioactive decay), aswell as immobilization of contaminants, to reduce radioactivity to levels that would not present arisk to human health or the environment.

6.2.6.5 Short-Term Effectiveness

6.2.6.5.1 Remediation Worker Risk

Experienced workers using appropriate safety precautions would conduct these activities. Risksto workers for this alternative were compared to the baseline no-action alternative. ForAlternative 6, only minimal short-term risks are expecte- The ISV alternative would not requireexcavation of contaminated soils, so the risks to workers primarily would be associated withgeneral construction activities at the borrow sites and placement of the cap. Worker risk wouldbe controlled through adherence to site health and safety procedures. Air monitoring wouldaddress potential air releases (e.g., baniermsaial particulates) that could affect the publicduring construction of the surface barriers. In addition, an offgas treatment system would be incontinuous operation during ISV operations to collect, treat, and analyze airborne contaminantsbefore release to the environment.
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6.2.6.5.2 Impact to Environment During Remediation

Local biological resources would be affected by physical disruption of the waste sites duringequipment mobilization, ISV operations, and demobilizaton in addition, increased humanactivity and noise and the generation of fugitive dust affect local biologal resoures However,the waste sites are located within historically disturbed industrial areas. Approximatey 5 ha(12 a) of surface area will be disturbed during implementation of this ateprative at theZ- II Ditch and analogous sites.

6.2.6.5.3 Time to Achieve the Remedial Action Objectives
This alternative mitigates the risk to human or ecological receptors by immobilizing the source.Based on calculations performed in Appendix D, construction and ISV activities would beexpected to require 3.3 years to complete. The RAO for preventing unacceptable risk to humanhealth and ecological receptors through exposure to contaminated soils and debris would be met.

6.2.6.6 Implementability

Of the six alternatives for remediation of the waste sites in this FS, Alternative 6 is the least usedand least proven in routine field operations. ISV has been proven effective on similar sized sites,and major concers have been satisfactorily resolved in these tests. Nonetheless, ISV is not usedroutinely for field remediation, so it must be considered to be an emerging, relatively unproventechnology. For this reason, cost estimates, schedules, and effectiveness have a higher degree ofuncertainty than is the case for other, more proven, alternatives.

6.2.6.7 Cost

Costs include mobilizing personnel and equipment; monitoring, sampling, and analysis; ISVoperations; disposal of secondary waste (e.g., scrub liquid and high-efficiency particulate airfilters); backflling with onsite resources; procuring additional backfilling from a local stockpile;compacting the cap (if a cap is required); revegetating and stabilizing the site; and primecontractor oversight. Costs are based on the use of standard equipment (e.g., hydraulicexcavators, front-end loaders, dozers) and assume that a subcontractor would do the work, withoversight performed by the prime contractor. The cost estimate assumes that the subcontractorpersonnel are wearing Level D personal protective equipment (e.g., coveralls, no respirators)during ISV operations. The present-worth costs assume a 3.2 percent discount rate (based oncurrent Office of Management and Budget information) and assumes operations and maintenance for a duration appropriate to the site contamination conditions. The operations andmaintenance costs include site insp ction/surveil ce, periodic radiation site surveys of surfacesoil, and biotic control, as needed4 maintenance of signs and markers; cover maintenance; andsite reviews. Long-term monitoring costs associated with groundwater are not included withinthis cost estimate because contaminated groundwater in the 200 East Area will be addressed bythe 200-BP-5 and 200-PO-1 groundwater OUs, and contaminated groundwater in the 200 WestArea will be addressed by the 200-UP-I and 200-ZP-I Ots.

Details of the cost estimates are presented in Appendix D. Summarized costs for therepresentative and analogous sites are presented in Table 6-5.
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6.3 NEPA VALUES EVALUATION

The NEPA process is intended to help Federal agencies make decisions that ar based onunderstanding environmental consequences then to take actions that protect, restore, andenhance the environment- Secretarial policies (DOE 1994) and DOE 0451. A require thatCERCLA documents incorporate NEPA values, such as analysis of cumulative, offhite,ecological, and socioeconomic impacts to the extent practicable, in lieu of preparing separateNEPA documentation for CERCLA activitiesx

6.3.1 Description of NEPA Values

Several of the CERCLA evaluation criteria involve consideration of environmental resources,but the emphasis frequently is directed at the potential effects of chemical contaninan on livingorganisms. The NEPA regulations (40 CFR 1502 16, "Environmental Impact Statement""Environmental Consequences") specify evaluation of the environmental consequences ofproposed alternatives. These include potential effects on transportation resources, air quality,and cultural and historical resources; noise; visual, and aesthetic effects, environmental justice;and the socioeconomic aspects of implementation. The NEPAprcess also involvesconsideration of several issues such as cumulative impacts (direct and indirect), mitigation ofadversely impacted resources, and the irreversible and irretrievable commitment of resources
The NEPA-related resources and values that the DOE has considered in this evaluation includethe following.

* Transportation impacts. This value considers impacts of the proposed remedial action onlocal traffic (e.g., traffic at the Hanford Site) and traffic in the surrounding region.Transportation impacts are considere in part under the CERCLA criteria of short-termeffectiveness or iniplementability.

* Air quality. This value considers potential air quality concerns associated with emissionsgenerated during the proposed remedial actions.

* Natural, cultural, and historical resources. This value considers impacts of the proposedremedial actions on wildlife, wildlife habitat, archeological sites and artifacts, andhistorically significant properties on the Central Plateau.

* Noise, visual, and aesthetic effects. This value considers increases in noise levels orimpaired visual or aesthetic values during or after the proposed remedial actions.
Socioeconomic impacts. This value considers impacts pertaining to employment,income, other services (e.g., water and power utilities), and the effect of implementationof the proposed remedial actions on the availability of services and materials.

* Environmental justice. Environmental justice, as mandated by Executive Order 12898,Federal Actions to Address Environmental Justice in Minority Populations andLow-Inme Populations refers to air treatment of humans of all races, cultures, andincome levels with respt to laws, policies, and government actions. This value
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considers whether the Proposed remedial actions would have inappropriately ordisproportionately high and adverse human health or enviromental effects on minorityor low-income populations.

Cumulative impacts (direct and indirect). This value considers whether the proposedremedial actions could have cumulative impacts on human health or the environment
when considered together with other activities on the Central Plateau, at the Hanford Site,or in the region.

* Mitigation. If adverse impacts cannot be avoided, remedial action planning shouldminimize them to the extent practicable. This value identifies required mitigationactivities.

* Irreversible and irretrievable commitment of resources. This value evaluates the use ofnonrenewable resources for the proposed remedial actions and the effects that resourceconsumption would have on future generations. When a resource (e.g., energy, minerals,
water, wetland) is used or destroyed and cannot be replaced within a reasonable amountof time, its use is considered irreversible.

6.3.2 Detailed Evaluation of NEPA

6.3.2.1 Transportation Impacts

Implementation of remedial action at the waste sites likely would have some short-term impactson local traffic and traffic in the surrounding region. For Alternatives 4, 5, and 6, impacts wouldresult from hauling cover material to the waste site areas. For Alternatives 3 and 5, theseimpacts would result from hauling waste to the ERDF and hauling clean fill to the waste sites.For Alternatives 3, 4, and 5, impacts could be expected from increased traffic bringing supplies,equipment, and workers to the sites. Alternative 6 also would include hauling ISV equipment toand from the ISV location. To mitigate these potential impacts, a transportation safety analysiswould be performed before any transport activities began. The analysis would identify the needfor specific precautions (e.g., road closures, preferred hauling times, staggered work shifts) to betaken as necessary. Increases in the workforce traffic related to waste treatment would beexpected to be minor. The impacts of transportation of TRU waste to WIPP and disposal ofTRU waste at WIIPP were analyzed in DOE/BIS-0026-S-2, Waste Isolation Pilot Plant DisosalPhase Final Supplemental Environmental Impact Statement.

For Alternatives 3 and 5, there may be a need to ship about 10,900 55-gal drums ofTRU-contaminated soil to the WIPP, which would occur if a thin layer of soil beneath the216-Z- 11 Ditch is determined to have concentrations of TRU constituents greater than 100 nCi/g.
6.3.2.2 Air Quality

No current air quality impacts are associated with Alternative 1; however, potential impacts toair quality could be associated with plant or animal uptake of contaminants and wind dispersion.This also is true for Alternative 2. Potential near-term impacts to air quality associated withAlternatives 3, 4, and 5 are expected to be minor and could be mitigated through appropriate
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engineering controls. Alternative 6 includes an offgas treatment system, in operation duringvitrification operations. Releases from the offgas treatment system would be subject torestrictions contained in a state air permit.

Potential air quality impacts primarily would be associated with fugitive dust during sitepreparation, structure demolition, excavation, placement of backfill or barriers, and revegetationactivities. Dust suppression (using water and water tested with soil fixatives) would be used tocontrol visible fugitive dust, so neither local nor regional air quality is expected to be affected.Routine emissions from vehicles would occur.

6.3.2.3 Natural, Cultural, and Historical Resources
In all cases, remediation will be performed on sites that have been disturbed by industrialactivities. Therefore, although cultural resources could be encountered with Alternatives 3,4, 5,and 6 during the excavation and construction of staging areas, the probability is low. A culturalresource mitigation plan would be established before repediation was begun. Known culturalresources and traditional-use areas would be avoided whenever possible. If cultural resourceswere encountered during excavation, the State Historic Preservation Office and Native AmericanTribes would be consulted about minimizing impacts and taking appropriate actions for resourcedocumentation or recovery.
Some short-term adverse impacts to naural resources (e.g., local wildlife) could occur during theconstruction and implementation phases of remedial action. Ecological surveys would beperformed to identify the species present and the special precautions that should be taken tominimize adverse impacts.

6.3.2.4 Noise, Visual, and Aesthetic Effects

Alternatives 1 and 2 would have little to no impact on current noise, visual, or aesthetic sitecharacteristics. Alternatives 3 and 5 would increase noise levels and impair visual values, butthe impacts would be short-term during remedial actions and ultimately would improve theaesthetics by removing any remaining site structures. Likewise, Alternative 4 would increasenoise levels and impair visual values in the short term during construction of the cap. Thesealternatives also could have some long-term visual and aesthetic impacts, both positive andnegative. Positive impacts would result from the removal of aboveground site structures.Negative impacts would be associated with the visibility and aesthetics of the caps over largedistances if they are not contoured to blend in with the surounding area. Alternative 6 wouldincrease noise levels and impair visual values, but the impacts would be short-term duringremedial actions. Aesthetically, given the past disturbance in the 200 Areas and on the CentralPlateau, no impacts would be expected from the alternatives.

6.3.2.5 Socioeconomic Impacts

Alternative I would have no socioeconoic impacts. The other five alternatives would havesome positive socioeconomic impacts related to the employment opportunities that would occurduring the life of the remedial action project. The labor force required to implement remedialaction would be drawn from current Hanford Site contractors and the local labor force, so thesocioeconomic impacts would be expected to be minimal.
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6.3.2.6 Environmental Justice

Under Alternative 3, environmenta justice issues would not be a concern because future surfaceuses on the Central Plateau would not be restricted beyond the Central Plateau-wide restrictions.Under Alternatives 1,2,4,5, and 6, environmental justice impacts would be minimal becausefture-use restrictions would pertain to only a small percentage of the Central Plateau, and theCentral Plateau still would be under active waste management industrial land use.
6.3.2.7 Irreversible and Irretrievable Commitment of Resources
Alternatives 3,4, 5, and 6 would require some irreversible or irretrievable commitment of naturalresources. All of the alternatives with the exception of Alternative I would result in someland-use loss. Altergative 3,4, 5, and 6 would require additional soils, including materials thatcould come from ecologically sensitive areas, and some energy resources. They would require acommitment of resources in the form of land-use loss in the waste site areas until remedial actionobjectives and goals were met through the natural attenuation process. The amount of land-useloss would vary among alternatives. Alternative 2 generally would require land-use loss of theentire site surface and subsurface for the necessary attenuation period to meet remedial actionobjectives. Alternative 3 generally would allow land use from the ground surface to a depth of4.6 m (15 ft) bgs or greater following the completion and regulatory acceptance of remedialactivities. Alternatives 4, 5, and 6 would allow surface use of the sites, but would not allow anysubsurface site use until the end of the necessary attenuation period to meet RAOs. This usewould be limited based on potential impacts to swface-barrier integrity.

For Alternatives 3 and 5, the ERDF would need to be expanded to accommodate the additionalwaste. Implementation of the alternative also would require waste disposal to the WIPP. Thewaste volumes from the aboveground structure demolition in Alternatives 3, 4, 5, and 6 arerelatively small and are not anticipated to specifically require additional ERDF capacity.
Alternatives 3, 4, 5, and 6 would require an irretrievable and irreversible commitment ofresources in the form of geologic materials and petroleum products (e.g., diesel fuel, gasoline).With Alternatives 3 and 5, excavated material would be replaced with a stockpile of clean soilcover removed from the site, as well as clean sand and gravel fill from onsite borrow pits Thesand and gravel for the surface-barrier alternative would come from nearby borrow pits, but thesilt would need to come either from the Fitzner-Eberhardt Arid Lands Ecology Reserve or fromoff site. Rip-rap or other armoring materials needed to provide intrusion Protection likely wouldcome from offsite. With Alternative 6, some fill material would be needed to compensate for thevolume reduction inherent in the vitrification process.

6.3.2.8 Cumulative Impacts

The proposed RAOs could have impacts when considered together with impacts from past andforeseeable fiture actions at and near the Hanford Site. Authorized current and future activitiesinclude soil and groundwate remediation; waste management and treatment (e.g., tank farms,the Waste Treatment Plant); and surveillance, maintenance,' decontamination, anddecommissioning of facilities. Other Hanford Site activities that might be ongoing duringremedial action at the Central Plateau waste sites include deactivation and decontamination ofreprocessing facilities and operation of the Energy Northwest reactor. Activities near the

6-42



DOE/RL-2004-24 DRAFT A

Hanford Site include a privately owned radioactive and mixed waste treatment facility, acommercial fuel manufacturer, a commercial low-level radioactive waste disposal site, and atitanium reprocessing plant.

The proposed remediation alternatives would have minimal impacts on transportation, airquality, and natural, cultural, and historical resources. Noise, visual and aesthetic effects, andsocioeconomic impacts also would be minimal. Therefore, cumulative impacts with respect tothese values are expected to be insignificant. The most notable area for cumulative impacts iswith respect to the irretrievable and irreversible commitment of resources. All of the proposedalternatives except Alternative 1 would require long-term land-use restrictions.

To varying levels, Alternatives 2, 3, 4, 5, and 6 would result in the loss of some land uses on theCentral Plateau, but the cumulative impacts with respect to loss of land use are not expected tobe significant. Alternatives 3 and 5 also would require a commitment of land use as a result ofthe ERDF expansion on the Central Plateau. This would be in addition to numerous otherHanford Site projects that would commit land use on the Central Plateau.

Under Alternatives 3, 4, 5, and 6, cumulative impacts also would occur with respect to theirretrievable and irreversible commitment of geologic resources. The Central Plateau waste sitesconstitute only a portion of the total actions requiring material for barriers and backfill at theHanford Site. The total quantity of geologic materials required for other Hanford Site actionscurrently is being identified (B HI-0 1551, Alternative Fine-Grained Soil Borrow Source StudyFinal Report) and may be subject to a separate NEPA evaluation.

6.3.2.9 Mitigation

Alternative 1 would not include mitigation. Mitigation measures under Alternatives 2 and 6would include surveillance, physical controls, and potential interim remedies. Mitigation
measures taken under Alternatives 3, 4, and 5 would include dust suppression, stockpiling cleantopsoil for reuse, minimizing the size of construction areas, and planning activities to avoidnesting and breeding cycles of birds and mammals.

6.3.2.10 Summary of NEPA Evaluation

Remedial actions at the Central Plateau waste sites would result in some impacts to public healthand the environment. However, the overall environmental impacts under normal operatingconditions would not be very large, nor would they vary greatly among the remedial alternatives.
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Figure 6-1. Logic Diagram for Selecting Applicable Alternatives.
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Table 6-1. Detailed Analysis Sununary for Alternative 2 -Maintain Existing Sail Cover,Monitored Natural Attenuation, and Institutional Controls. (15 Pages)Waste Site Threshold Criteria 
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Table 6-1. Detailed Analysis Summary for Alternative 2- Maintain Existing Soil Cover,Monitored Natural Attenuation, and Institutional Controls. (15Pages)
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Table 6-1. Detailed Analysis Summary for Alternative 2 - Maintain Existing Soil Cover,Monitored Natural Attenuation, and Institutional Controls. (15 Pages)
Waste Site Threshold Criteria Balancing Criteria
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because the are expected tosites consist of be low.
concrete-lined
structures
versus an
unlined pond.
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Table 6-I. Detailed Analysis Summry for Alternative 2- Maintain Existing Soil Cover,Monitored Natural Attenuation, and Institutional Controls. (15 Pages)
Waste Site Threshold Criteria BggC)

O vrall C o m p i L n g -T er n R ed ucton o f oCn ing C riteria

Protecto of with ARAk. Effetiveness ocy, Efepleentability Cost n
Human and Mobility, or Thousands

Health and Permanence VolumetheTroh
Environment Tra gn

207-S Based on Bad on Based on Reduction Human Readily $87Retention 216-U-jo Pond 216-U-jo 216-UJ-1o through naturl reepos877eetal
Bsin data, not I data, dhagtatr receptors implementable.Ba a n otdata, attenuation of would beanticipated to anticipated to anticipated to radionuclides. exposed to

be protective. not comply. not be
However, there effective. shr-tr
is no Short-term
documented risks. te
evidence that short-tern
the basin has nipacts to the
leaked enviet d nt
Furthermore, are expected to
underlying be low.
contamination
may be less
significant
because the
basin is a
oncrete-lined
structure
versus an
unlined pond.

216-B-64 Expected to be Expected to Expected to Reduction of Human Readily $769Retention protective. comply. be effective, residual recetor iealymen7ab9
Basin The basin was receptors implementable.

built for contamination would be

emergency through natural exposed to
runoff but attenuation of minimal

never used. radionuclides. short-term
Only loose risks. te
surface short-term
contamination impacts to the
eroded fom environment
UPR-200-Em are expected to

is present. be low.
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Table 6-1. Detailed Analysis Sunnary for Alternative 2 - Maintain Existing soil Cover,Monitored Naural Attenuation, and Institutional Controls (15 Pages)
Waste Ste Threshold Crteria 

Balancing Criteria
O l Compance LO T n Reduction Of Impleenta aProtection Of With ARABs Effiectieness TOxicIty, zEffeedveuam u Th oustandHuman and Mobility, orThuad

Heth and Permanence Volume
the

Environment
200--zl3TreatmentS Based on Based on Based on Reduction Human Readily $726Proces Sewer 216-U-10 Pond 216-U-10 216-U-10 thRghnteareetodily$726b

data, not dthrugh natural rMWpon implementable.dat, ot data, data, attenuation of wudbeanticipated to anticipated to anticipated to onuides exp tobe protective not comply not be raiouinds ienmpoedl
However, efietive. hirerm
underlying short-term
contamination risks. The
my be less cshortoterm

significant 'nimpacts to the
because the onvirnment
site consists of are expected to
steel pipeline be low.
versus an
unlined pond.

Represernative Site
216-U-14 Protective Does not Groundwater Reduction Humns Readily $918
Ditc because comply is not through natural receptors inplenntable

a m nant s protected. attenuation of would be
and wisk radionuclides exposed to
guidelines ho n n
within short-ter
500 years. risks. The

short-term
inpacts to the
envunment
are expected to
be low,

16 ' Wat8 Si 's An-alogous to 216- U- 14 Diich2 

h-S-16D 
Ptectim

Ditch because 21-U1 21U1 trog onaul Hecetor eily en7bl9contaiants data, datcto
are within dose -ted taattenuation of would be
and risk not comy groundwater radionuclides. expsed to
guidelines isonpty.inimal
within protected. shotr
500 years. risks. The

short-term
unpacts to the

-m epced to
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Table 6-1. Detailed Analysis Summary for Alternative 2 - Maintain Existing Soil Cover,Monitored Natural Attenuation, and Institutional Controls. (15 Pages)
Waste Site Threshold Criteria Balancing Criteria

Overall Compliance Long-Term Reduction of Short-Term Implementability Cost inProtection of with ARARs Effectiveness Toxicity, EffectivenessThuad
Human and Mobility, orousands

Health and Permanence Volume
the Through

Environment Treatment
216-T-1 Ditch Protective Based on Based on Reduction Human Readily $738because 216-U-14 216-U-14 through natural receptors implementable.contaminants data, data, attenuation of would beare within dose anticipated to groundwater radionuclides. exposed toand risk not comply. is not minimal

guidelines protected. short-term
within risks. The500 years. short-term

impacts to the
environment
are expected to
be low.

Group Protective Based on Based on Reduction Human Readily $882consisting of because 216-U-14 216-U-14 through natural receptors implementable.216-T-4-1D contaminants data, data, attenuation of would beand 216-T-4-2 are within dose anticipated to groundwater radionuclides. exposed toand risk not comply. is not minimalguidelines protected short-term
within risks. The500 years. short-term

impacts to the
environment
are expected to
be low.

216-W-LWC Protective Basased o n sed on Reduction Human Readily $1,510Crib because 216-U-14 216-U-14 through natural receptors implementable.contaminants data, data, attenuation of would beare within dose anticipated to groundwater radionuclides. exposed toand risk not comply. is not minimalguidelines protected, short-termwithin 
risks. The500 years. short-term
impacts to the
environment
are expected to
be low.
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Table 6-1. Detailed Analysis Summary for Alternative 2 - Maintain Existing Soil Cover,Monitored Natural Attenuation, and Institutional Controls. (15 Pages)
Waste Site Threshold Criteria Balancing Criteria

Overall Compliance Long-Term Reduction of Short-Term Implenentability Cost inProtection of with ARARs Effectiveness Toxicity, Effectiveness p b ThousandsHuman and Mobility, or
Health and Permanence Volume

the Through
Environment Treatment

Group Protective Based on Based on Reduction Human Readily $1,072consisting of Ibecaue 2- 14 through natural receptors implementable.207- inants data, data, attenuation of would beRetention are within dose anticipated to groundwater radionuclides. exposed toBasin, and risk not comply. is not minimalUPR-200-W- guidelines protected short-termI 11, and within rs.Te
UPR-200-W- 500 years, risks. The
112 short-term

impacts to the
environment
are expected to
be low.

207-T Protective Based on Based on Reduction Human Readily $952Retention because 26-U-14 216-U-14 through natural receptors implementable.Basin contaminants data, data, attenuation of would beare within dose anticipated to groundwater radionuclides. exposed toand risk not comply. is not minimalguidelines protected short-termwithin risks. The500 years. 
short-term
impacts to the
environment
are expected to
be low.

216-T-12 Protective Based on Based on Reduction Human Readily $725Trench because 216-U-14 216--14 through natural receptors implementable.contaminants data, data, attenuation of would beare within dose anticipated to groundwater radionuclides. exposed toand risk not comply. is not minimalguidelines protected. short-termwithin 
risks. The500 years. 
short-term
impacts to the
environment
are expected to
be low.
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Table 6-1. Detailed Analysis Sumunary for Alternative 2- Maintain Existing Soil Cover,Monitored Natural Attenuation, and Institutional Controls. (15 Pages)
Wate Site Threshold Criteria Balancing Criters,Ovenall Compliance Long-Term ReT ImplemBlgity Cost inProtecthon of with ARA Effectiveness i , EThousands

Human and Mhlto
Heakh and Permanencem

the
Environment

200-W-84 Protective Based On Based on Reduction Human Readily $742Process Sewer because 216-U-14 216-U-14 through natural receptors implementable.contann data, data, attenuation of would beare withdose anticipated to gundwater radionuclides. exposed toand risk not comply,. i not minimalguidelines protected. short-termwithin 
risks. The500 years. 
short-termUnderlying 
impacts to thecontamiunation 
niomnmay be less en vIonent

s a b e l essare e xp ected tosignificant 
be low.because the

sewer consists
of a vitrified
clay pipe
Versus an
unlined ditch.
Waste site
configuration
suggests that
infiltration is
limited.

20 - W g w r ot ct B ase on B s d o R ed uction H um an R eadily $ 8 62Process Sewer because 216-U-14 216-U- 4 through natural receptors implementable.contaminants data, data, attenuation of would bear within dose anticipated to groundwater radionuclides. exposed toand risk not comply is not minimalguidelines protected. short-termwithin 
risks. The500 years. 
short-termUnderlying 
impacts to thecontamination 
environment

may be less evomn
m y b ls s are expected tosignificant 

be low.because the
sewer consists
of a vitrified
clay pipe
versus an
unlined ditch.
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Table 6-1. Detailed Analysis Summary for Alternative 2 - Maintain Existing Soil Cover,Monitored Natural Attenuation, and Institutional Controls. (15 Pages)
Waste site Threshold Criteria Balancing Criteria

Overall Compliance Long-Tern Reduio of SotT mleuentab Cost inProtection of with ARARx Effectivea To Efftdvenes TOnsasHuman and Mobility, orHealth mad Permanence Volume
the TrEnvironment

200-W-102 Protective Based on Based on Reduction Human Readily $738Process Sewer beause 216-U-14 216--14 through natural receptors implementable.contamnants data, data, attenuation of would beam within dose anticipated to groundwater radionuclides. exposed toandrisk not comply. is not minimalguidelines protected. short-termwithin 
risk The500 yars. short-term

Underlying impacts to the
contamination enpironment
may be less are expected tosignificant be low.
because the
sewer consists
of a vitrified
clay pipe
versus an
unlined ditch.
Waste site
configuration
suggests that
infiltration is
limited.

Repreentative Site
Representative Not protective Does not Not effective. Reduction Human Readily $1,593Site 216-Z-1 I because comply. Contaminant through natural receptors implenrntable.Ditch contamnants concenti- attenuation of would be
Part of Group ifnl above tions am high radionuclides. exposed to
consisting of PRGs after and will minl
216-Z-ID and 5 yars. renain short-term
216-Z-19 elevated past risks. The
Ditches 500 years; short-term
216-Z-20 Crib, institutional impacts to the
and controls may environment
UPR-200-W- not be am expected to
110 protective be low.

past 500
years.
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Table 6-1. Detailed Analysis Summary for Alternative 2 - Maintain Existing Soil Cover,Monitored Natural Attenuation, and Institutional Controls x (15 pages)Waste Site Threahod Citeri a Balancing Criteria
Overall Compliance Long-Term Xeuctio Of Short-T lemmtability Cost in

Protctiona of with ARA~s Effaodvenma Toxicity, Effecenaen ThousandsHuman and Mobility, orHealth and Permanence Volume
Environment

- Treatment
Waste Sites Analogots to 21&Z4-1 Ditch207-Z Based on Based on Based on Reduction Human Readily $741Retention 216-Z- I data, 216-Z- 216-Z-11 through natural receptors inplenentable.Basin not anticipated data, data, attenuation of would beto be anticipated to anticipated to radionuclides exposed topotective; not comply not be mininalhowever, effective short-termunderlying 

risks. Thecontaination 
short-ternay be less 
impacts to thesignificant 
envimnmentbecause the 
are expected tobasin is a 
be low.concrete-lined

structure
versus an
unlined pond.

Representative Site
216-A-25 Protective Does not Protective due Reduction Human Readily N/A
Gable because EWCR comply to natural through natural receptors fimplentuable. (covered inMountain and exposure attenuation of attenuation of would be a separatePond guidelines radioactive radionuclides- exposed to S)riet at contaminants inimFS)

approximtely in short-term150 years. approximately risks. The
150 years. short-term

impacts to the
environnent
are expected to
be low.
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Table 6-1. Detailed Analysis Summary for Alternative 2 - Maintain Existing Soil Cover,Monitored Natural Attenuation, and Institutional Controls. (15 Pages)Waste Site Threshold Criteria 
Balancing Criteriaoverall Comphiaaee Long-Tnr Reductlon or Short-Tnr Ymplaemtality cost inProtecto of with E ecivenes Toxicity, Eff venunHuman and Mobility, or "osdsHecalth and Permanence Volume

theThog
Environment g

Treatment
Waste Sites Analogous to 216-A-25 Gable Mountain Pond207-A North Based on Based on Bandon Reduction Human Readily $748

Retention 216-A-25 data, 216-A-25 216-A-25 through natural receptors imrplemntable.Pond not anticipated data, data, attenuation of would beto be anticipated to anticipated to radionuclides. exposed toprotective, not comply not be minalFurthermore, However, effective. short-termthem is no would comply However, risks Theevidence of if verification would be short-termleakage to sampling effective if impacts to thedate indicated verification enpvimana tUnderlying residual sampling are expected tocontminato contanination indicated be low.may be less is present, residual
significant or contamination
not present is present.
because the
retention pond
is a Hypalon*
-lined concrete
structure
versus an
unlined pond.
Lastly, the
geology is
significantly
different from
the 216-A-25
Pond.

Repaeentative Site
216-T-26 Crib Not protective Does not Groundwater Reduction No short-tarm Reafl -/becuse comply. is not through naua -rsst Ulymnabe N/Are icnamts protected. attenuation of wores no amlmntbe (serei

rmishowl radionuclides ecological riss FS) t50 s yfer expected500 yars.Conmunaute

are greater than
4 .6 m(15 ft)
bgs.
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Table 6-1. Detailed Analysis Summary for Alternative 2 Maintain Existing Soil Cover,Monitored Natural Attenuation, and Institutional Controls. (15 pages)Waste Site Threshold Criteria 
Balancing Creria-

Overall Complince Lng-Tn Reduction of So-Term Implemetabay Cot inProtet em of with AtARz Effectlvena Toxicity, EffectivemThanHuman and Mobility, orHealt and Permanence Volumethe 
hobEnvironment 

Through
Waste Sites Analogous to 216- T-26 Crib216-T-36 Crib Based on Based on Based on Reduction Human Readily $727216-T-26 data, 216-T-26 216-T-26 through naturl receptors 7ple2ntable7not anticipated data, data, attenuation of would beto be anticipated to anticipated to radionuclides. exposed toprotective, not coMly. not be nmaldHowever, the effective short-termcontaminant 

srsks. Theinventory and 
short-ternsmall amount 
Irpacts to theof discharge 
environea tsuggests a low e xpectede to

potential effect be low.
to be low.to

groundwater.
200-W-79 Based on Based on Based on Reduction Human Readily $729Pipeline 21 6-T-26 data, 216-T-26 216-T-26 through natural receptors implementable.not anticipated data, data, attenuation of would beto be anticipated to anticipated to radionuclides. exposed toprotective. not comply. not be .n.iHowever, 

short-termunderlying effective Te
contamination shote '
may be less s ote

'signifcantImpacts to thesignificant 
environmentbecause the 
are expected topipeline is abelw

vitrified clay
pipe versus an
unlined crib.
Waste site
configuration
suggests that
infiltration is
limited.

*Hypauon is a registered trademark of Dupont Dow Elastomers Limited Liability Company,
ARAR = applicable or relevant and appropriate requirent.BGS below ground surface.
PRG = preliminary remediation goal.
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)Waste Site Threshold Criteria 
faalgCiei

Overal Compliance LongTrm Reduction of So-T a lp m t C hProctin Of with ARAR% Efftivees Toxicity, Effectivena Cam inds
Huwan and Mobilty, orHead aw Permanence Volume Through

the ~TreatmnEflvfroument tin

Representanive Site
216-U-10 Pond Protective Complies Effective and Contaminants ae High shot-tern Excavtion to $1,811,601

E x c a v a t i o nP e m n n i n m v d t a l e s r k s opol eoetelngnetmi movietales rkso 210 ft is necessaryw ouldt rof e th o g t ni eW orkers; to rem ove all21 ofi s because env irounni ecological risks contam inants (tocontaminants. excavation Reduction ntepce h ae al)Would not expected the water table
elimiato removes through natural because necessry to meetdrect ntate contaminants to attenuation of contaminants PROs. More thanit cac meet human radionuclides. are removed. 40 million yd'
and ecological Protection of, High possibility would be disposed

andecologicalro tec r oof pacting at ERDF for thisreceptors. groundwater, bi cal representative site
envionment. and/or cultural and all its

resources due to associated
excavation to analogous sites
210 fl. 10 million yd' for

216-U-10 alone.
Implementability is
questionable
because of ama
(72 acres) and
depth of the
excavation and
available capacity
at the ERDF.

Waste Sites Analogous to 216-U-10 Pond
216-S-16P Pond Would be Would comply Would be Contaminants are igh short-term Excavation to $1,869,572

protective if if all effective if all moved to a less risks to 200 ft is necessatryall contaminants contaminants mobile workers; to remove allcontaminants could be could be environment ecological risks contaminants (tocould be excavated to excavated to Reduction not expected the water table),
excavated to PROs and PROS and through natural because necessary to meetPRGs and disposed at an disposed at an at tenuation of bcau s PROS. Mo thandisposed at an appropriate appropriate radion e contameants PRGs. Mo than

apprpnae dspradioniucy.liipdels. ire removed. 10 million yd 3ppropate disposal facility .disposal Higher would be disposeddisposal facility, possibility of at ERDF for thisfacility Excavation is a impacting site.proven biological Implenentability istechnology, and/or cultural questionable

chance of resources due to because of area
failure. the large (73 acres) and

excavation area, depth ofthe
excavation and
available capacity

I at the ERDF.
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)Waste Site Threshold Criteria 
Balancing Criteria

Overall Compliance Log-Term Reduction of Shrt-Term Implementabhity Cost inProtection of with ARAB, Effietivees Txct, Efetne huadHuman Toxicity, EffmalivNessThuadHumlaannd Mobility, orHealth and Permanence Volume Throughthe 
Treatment

Environment
Group consisting Would be Would comply Would be Contarmnant, a igh short-term Inlemntabityis $1,338,773of216-S-17 Pond protective if ifall effective if all nnved to a less risks to questionableand UPR-W-124 all contaminants containnts modbile workers; because excavationUnplanned contaminants could be could be environment ecological risks to 200 x isRelease could be excavated to excavated to Reduction not expected necessary to

excavated to PROS and PRGs and through natural because remove allPROS and disposed at an disposed at an attenuation of contamants contaminants (todisposed at an appropriate appropriate radionuclides. ar removed. the water table),appropriate disposal facility, disposal Higher necessary to meetdisposal facility possibility of PRGs. Overfacility. Excavation is a impacting 7 million 3d3

proven biological would be disposedtechnology, and/or cultural at ERDF for thiswith little resources due to sitechance of the large
failure area216-T4A Pond Would be Would comply Would be Contaminants are igh short-term Implementability isProtective if if all effective if all moved to a less risks to questionable $1,581,528all containants contanmants mobile workers; because excavationcontaminants could be could be envnonment. ecological risks to 20 xft iscould be excavated to excavated to Reduction not expected necessary toexcavated to PRGs and PRGs and through natural because remove allPR as and disposed at an disposed at an attenuation of contaminants contain s (todisposed at an approprate appropriate radionuclides. are rnmoved. the water table),appropriate disposal facility disposal igher necessary to mEetdisposal facility possibility of PRGs. More thanfacility Excavation is a impacting 8 million ydproven biological would be disposedtechnology, and/or cultural at ERDF for thiswith little resources due to site.

chance of the large
failure. excavation area.
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)waste Site Threshold Criteria 
Balancing Criteria

Overall Compliance Long-Term Reduction of Short-Term Implementajty Cost InProtection of with ARAB, Effectvene Toxicity, Efedvenes ThousandsHuman and Mobility, orHeat and Permanence Volume Throughthe 
Treatment

Environment
216-T-4B Pond Would be Would comply Would be Contaminants are High short-term lnplementability isprotective if ifall effective if all moved to a less risks to questionable $219,204all containants contaunants mobile workers; because excavationcontaminants could be could be envuvnnt. ecological risks to 200 ft iscould be excavated to excavated to Reduction not expected necessary toexcavated to PROS and PROS and through natural because remoe allPROS and disposed at an disposed at an attenuation of contaminants contaminants (todisposed at an appropriate appropriate radionuclides. are removed. the water table),appropriate dispoal facility. disposal Higher necessary to meetdisposal facility possibility of PRGs.facility Excavation is a inpacting

proven gbiological
technology, and/or cultural
with little resources due tochance of the large
failure excavation area.216-U-9 Ditch Would be Would comply Would be Contaminants am igh shot-term Inplementabilityis $554,350protective if if all effective if all mnoved to a less risks to questionableall contaminants contaminants mbile workers; because excavatiocontaminants could be could be envkninebnt. ecological risks to 200 ft iscould be excavated to excavated to Reduction not expected necessary toexcavated to PROS and PRGs and through natural because remove allPROS and disposed at an disposed at an attenuation of contaminants contaminnts (todisposed at an appropriate appropriate radionuclides are removed. the water table),appropriate disposal facility. disposal Higher necessary to meetdisposal facility, possibility of PRGs.facility. Excavation is a impacting

proven biological
technology, mid/or cultural
with little resources due to
chance of the large
failure excavation are216-U-1I Ditch Would be Would comply Would be Contaminants are High short-tern Implementability is $699,278protective if ifall effective ifal moved to a less risks to questionableall contaminants contamunants obile workers; because excavationco ta n't could be ca ae o ulca ad e envir nmnt, ecological risks to 200 ft is

excavated to PROs and PROS and 'through natural bo eced remoesay
s pR O S a n d p o e a t a i p sda t a n a t n u a t o n o f c o t a m i n s c nt a i a t s ( t od p o s edn a te a n isp o p ri a t y . a p pip a te r a i n cli a re rem o v e d , th e w a te r ta b le ),ap r p aedisposal facility p sa igher necessary to m eetdi p s l facility, x av to possiblity of PR OS.

faclit. xcatov n is ipactig
provenbiological
technlogyand/or culturalwihlite 

resources due to
cha ncue.o the largeexcavation area.
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)wat site Threshold Cuiteria 
Balancing Criteria

O rall Complimne Lon-Term Reduction of Short-Term Iplementsinty Cost InProtection of with ARA% Effecawvem Toxicity, Effectiveness ThousandHunm anw MohIbiey, orHealth and Pftuanen Volm Through
the Treatment

Environment
216-S-5 Crib Would be comply Would be Contaxninents ait M gh short-tenn Impleuentability is $182,972protective if ilefitiVe if all mved to a less risks to questionableall onta s contanants Ucubile workers; because excavationcontainnts could be environent. ecological risks to 200 ft iscould be excavaed to excavated to Reduction not expected necessary toexcavated to PROs ad PROS and through natural because renmve allPROS and disposed at an disposed at an attenuation of containinants contaminants (todisposed at an appropriate appropriate radionuclides are removed. the water table),appropriate disposal facility .disposal Higher necessary to meetdisposal facility, possibility of PRGs.facility Excavation is a impacting

proven biologicaltechnology, and/o culu
with little resources due tochance of the large
failure. excavation area.216-S-6 Crib Would be Would comply Wo be Containants are High short-erm Implemenlabilityis $182,972protective if ifall effective if all mrved to a less risks to questionableall contaminants contaana mobile workers; because excavationcontaminats could be could be environm ent. ecological risks to 200 ft iscould be excavated to excavated to Reduction not expected necessary toexcavated to PROS ad PROs and through natural because remove allPROS and disposed at a disposed at an attenuation of contaminants contaminants (todisposed at an appropriate appropriate radionuclidesy adre moved. the water table),appropriate disposal facility disposal Egher necessary to meetdisposal facility, possibility of PRGs.fcility. Excavation is a inpactingproven biological

technology, and/or cultural
with little resources due to
chance of the large
failure. excavation area.Group consisting

0
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)
Waste Site Threshold Criteria Balancing Criteria

Overall Csiupliauce Lon-Tn deo.o Sio-Tnm Implementablsty Cost inProtetio of with ARA em Effectve nsThsands
Human and Mobility, orHealth and Peranence Volum Through

the Treatment
EnvironmentTrtet

216-A-30 Crib Would be Would comply Would be Contaminants a Hgh short-term hqlenzntability is $277,175protective if if all effetive if all nmved to a less risks to questionableall contaminants contaminants mobile workers; because excavationcontaminants could be could be environment. ecological risks to 200 ft is
could be excavated to excavated to Reduction not expected necessary toexcavated to PRGs and PRGs and through natural because remove all
PRGs and disposed at an disposed at an attenuation of contaminants contaminants (todisposed at an appropriate appropriate radionuclides. are rmoved. the water table),appropriate disposal facility. disposal Higher necessary to meetdisposal facility possibility of PRGs.facility Excavation is a impacting Additionally,

proven biological excavation would
technology, and/or cultural extend into the
with little resources due to vitrification plant
chance of the large construction zone.
failure, excavation area.

216-S-25 Crib Would be Would comply Would be Contaminants are High shor-term lImpleuntability is $592,393protective if ifall effective if all noved to a less risks to questionableall contaminants contaminants mobile workers; because excavationcontaminants could be could be environment. ecological risks to 200 ft is
could be excavated to excavated to Reduction not expected necessary toexcavated to PRGs and PRGs and through natural because remove all
PROS and disposed at an disposed at an attenuation of contaminants contaminants (todisposed at an appropriate appropriate radionuclides. are removed. the water table),appropriate disposal facility disposal Higher necessary to meetdisposal facility possibility of PRGs.facility. Excavation is a impacting Additionally,

proven biological excavation would
technology, and/or cultural extend into
with little resources due to adjacent small
chance of the large buildings and thefailure excavation area. 214-AP Tank

Farm.216-A-37-2 Crib Would be Would comply Wold be are High short-term Implementability is $277,175protective if if all effective if all moved to a le w risks to questionableal contaminants condtamiants nobile workers; because excavationcontaminants could be could be environment. ecological risks to 200 it iscould be excavated to excavated to Reduction not expected necessary toexcavated to PRGs and PRGs and through natural because remove all
PROS and disposed at an disposed at an attenuation of contaminants contaminants (todisposed at an appropriate appropriate radionuclides. are removed. the water table),appropriate disposal facility- disposal igher necessary to meetdisposal facility possibility of PRGs. Excavationfacility Excavation is a impacting would extend into

proven biological the Wastetechnology, and/or cultural Vitrification Plantwith little resources due to construction area's
chance of the large southwest corner

- failure excavation area.
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)
waste site Threshold Criteria Balancing Criteria

Overall Compliance Lng-TernB Reduction of Short-Teri mPlemeaaabgm Cost in

of wE , EIm p lem en t, b kProtects of with AltARs Effectdveness Toxiciy, Effectiveness ThlousandsHuman and Mobility, or
Health and Permanence Volume Through

the Treatment
Environment

216-B-55 Crib Would be Would comply Would be Contamidnants are shot-term menability is $186,595protective if if all effective if all mnoved to a less risks to questionableall contaminants contaminants nubile workers; because excavationcontaminants could be could be environment. ecological risks to 200 11 iscould be excavated to excavated to Reduction not expected necessary toexcavated to PRGs and PRGs and through natural because remove allPROs and disposed at an disposed at an attenuation of contaminants contaminants (todisposed at an appropriate appropriate radionuclides. are renoved. the water table),appropriate disposal facility disposal Higher necessary to neetdisposal facility possibility of PRGs.facility. Excavation is a impacting
ptcven biological
technology, and/or cultural
with little resources due to
chance of the large
failure excavation area.

216-8-17 ure Would be 'Would comply Would b Conamians a short-enn Implementable $238CotrlStutueProtective if if all effective if all nmaved to a less risks to
all contaminants contaminants mobile workers;contamninants could be -.

S2904-S- 
60

Control S tniatw

excavated to
PRGs and
disposed at an
appropriate
disposal facility.

Would comply
if all
contaminants
could be
excavated to
PRGs and

wudV beV
excavated to
PRGs and
disposed at an
appropriate
disposal
facility
Excavation is a
proven
technology,
with little
chance of
failure.

-Would be
effective if all
contaminants
could be
excavated to
PRGs and

PRGs and disposed at an disposed at an attenuation of
disposed at an appropriate appropriate radionuclides.
appropriate disposal facility disposal
disposal facility
facility. Excavation is a

proven
technology,
with little
chance of
failure

environment.
Reduction
through natural
attenuation of
radionuclides.

Contaminant ale
moved to a less
nobile
environment.
Reduction
through natural

ecological risks
not expected
because
contaminants
are renived.
Higher
possibility of
impacting
biological
and/or cultural
resources due to
the large
excavation area.

igh short-term

workers;
ecological risks
not expected
because
contaminants
are removed.
Higher
possibility of
impacting
biological
and/or cultund
resources due to
the large
excavation area.
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could be
excavated to
PRGs and
disposed at an
appropriate
disposal
facility.

-Would be
protective if
all
contaminants
could be
excavated to

Implientabl. $238
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)
Waste Site Threshold Criteria Balancing Criteria

Ove Compane Long-Term Reduction of Short-Term Implementabity Cast inProtection of with ARARs Effectiveness Toxicity, Effectivens ThousandsHuman and Mobilty, or
Health and Permanence volume Through

the Treatment
Environment

2904-S-170 Would be Would comply Would be Contaminants are High short-term lmplenrable $238
Control Structure protective if if all effective if all rved to a less risks to

all contaminants contaminants mobile workers;
contaminants could be could be environmnt. ecological risks
could be excavated to excavated to Reduction not expected
excavated to PRGs and PRGs and through natural because
PRGs and disposed at an disposed at an attenuation of contaminants
disposed at an appropriate appropriate radionuclides are removed.
appropriate disposal facility disposal Highr

2904-S-171
Control Structure

207-S Retention
Basin

disposal
facility-

Would be
protective if
all
contammiants
could be
excavated to
PRGs and
disposed at an
approprate
disposal
facility.

Would be
protectivef i
aln
contaminants
could be
excavated to
PRGs and
disposedat an
appropriate
disposal
facility-

Would con-ply
if all
contaminants
could be
excavated to
PRGs and
disposed at an
apprpriate
disposal facility.

Would comply
fall
contaminants
could be
excavated to
PRGs and
disposed at an
appropriate
disposal facility.

facility
Excavation is a
proven
technology,
with little
chance of
failure.

Would be
effective if all
contaminants
could be
excavated to
PRGs and
disposed at an
appropriate
disposal
facility.
Excavation is a
proven
technology,
with little
chance of
failure.

Would be
effective if all
contaminants
could be
excavated to
PRGs and
disposed at an
appropnate
disposal
facility.
Excavation is a
proven
technology,
with little
chance of

falM.
railwI

Contaminants are,
moved to a less
mobile
environnent.
Reduction
through natural
attenuation of
radionuclides.

Contaminants are,
moved to a less
mobile
environnent.
Reduction
trough natural
attenuation of
radionuclides.

possibility of
impacting
biological
and/or cultural
resources due to
the large
excavation area-

High short-term
risks to
workers;
ecological risks
not expected
because
contaminants
are removed.
Highr
possibility of
inpacting
biological
and/or cultural
resources due to
the large
excavation area.

High short-term I
risks to
workers;
ecological risks
not expected
because
contaminants
are removed.
Higher
possibility of
ipacting

biological
and/or cultural
resources due to
the large
excavation area.

Inplementable I$238

mplementable $2,510

6-68



DOE/RL-2004-24 DRAFT A

Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)
Waste Site Threshold Criteria Balaing Criteria

Overall Compliance -Term Reduction of Short-Term Implementawty Cost inProtection of with ARAB, Efetvenes Toxicity, Eihctlveness ThousandsRemamnn Mobility, orHelth and Permanence Volume Through
te TreatmentCoti

Environment
216-B-64 Expeted to Anticipated to Anticipated to Reduction of Huma Readily $1,044Retention Basin be protective. comply be effective, residual rcposwudipeutbe

The basin was contamination be exposed tobuilt for through natural minimal
emergency attenuation of short-term risks.runoff but radionuclides. The short-termnever used, impacts to theOnly loose 

environment aresurtiace 
expected to becontamination low.

eroded from
UPR-200-E-6
4 is present.

2 -E-l 13 r Would e ould comply WudbeConta s a gh short-term Implementable; $467process Sewer protective if if all effective if all moved to a less risks to however,all contaminants contaminants mobile workers; excavatio tocontaminants could be could be environment. ecological risks 200 ft wouldcould be excavated to excavated to Reduction not expected impact PUREXexcavated to PROS and PROS and through natural because buildings-PRGs and disposed at an disposed at an attenuation of contaminants
disposed at an appropriate appropriate radionuclides are removed.appropriate disposal facility disposal Higherdisposal facility. possibility offacility Excavation is a impacting

proven biological
technology, and/or cultural
with little resources due to
chance of the large
tailure. excavation area.

Repmentative Site
2l6-U-14 Ditch Protecti. Complies Effective and Contaminants ae Short-term risks Excavation to 15 ft $3,702Excavation permnnent in moved to a less to workers; is necessary towould rmove the long term mobile ecological risks remove all15 ft of because environment. not expected contaminants tocontaminants excavation Reduction because PRGs. A total ofWould renoves through natural contaminants 64,000 yd3 wouldeliminate contaminants to attenuation of are removed and be disposed atdirect contact meet hunun radionuclides. potential worker ERDF for thiswith humn n health RAOs, radiation representative site

ecological oetiS exposure is low and all its
receptors- grouwater High possibility associated

of impacting analogous sites.contaminants, biological Available capacity
and protects the and/or culturl at the ERDF mayenvironment resources due to be an issue.

excavation,
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)
Waste Site Threshold Criteria Balancing Criteria

Overall Compliance Long-Ters Reduction of Shrt-Tm Implenentahlty cost inProtection of with ARARs Effedrvener Toiity, Effepveeusb T sndsHuman and Mo&flqt, orThuad
Health and Permanence Volume Through

tihe Treatment
Environment

Waste Sites Analogous to 216- U-14 Ditch
216-S-16D Ditch Would be Would comply Eflietive and Contaminants are High shot-enn hqleentable. $1,363protective if if all permanent in moved to a less risks toall contaminants the long term mobile workers;contaminmants could be because envinment. ecological riskscould be excavated to excavation Reduction not expectedexcavated to PRGs and removes through natural because

PRGs and disposed at an contaminants to attenuation of contaminantsdisposed at an appropriate meet human radionuclides. are rmoved.appropriate disposal facility health RAOs, Higher
disposal removes possibility offacility. potential

Would comply
if all
contaminants
could be
excavated to
PRGs and
disposed at an
appropriate
disposal facility.

groundwater
contannants,
and protects the
environmrnt.

Eflbctive and
permanent in
the long term
because
excavation
reMOves
contaminants to
met human
health RAOs,
removes
potential
groundwater
contaminants,
and protects the
enviromnent.

Contaminants an
moved to a less
mobile

biological
and/or cultural
resources due to
the large
excavation area.

High short-term
risks to
workers-

environment. ecological risks
Reduction not expected
through natural because
attenuation of contaminants
radionuclides. are removed

Higher
possibility of
impwcing
biological
and/or culual
resources due to
the large
excavation area.

Implenmntable. $977
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216-T-1 Ditch Would be
protective if
all
contaminants
could be
excavated to
PRGs and
disposed at an
appropriate
disposal

facility.

I
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)
Waste She Threshold Criteria Balancing Criteria

Overall Compliance Long-Term Reduction of Short-Term Implementability Cost in
Protection of with ARARs Effectiveness Toxicity, Effectiveness Thousands

Human and Mobility, or
Health and Permanence Volume Through

the Treatment
Environment

Group consisting Anticipated to Would comply Effective and Contaminants are High short-term Ihplementable. $3,243
of216-T4-ID bepotective. if all permanentin movedtoaless risksto
and 216-T-4-2 Most of the contaminants the long term mobile workers;
Ditches effluent in the could be because environment. ecological risks

216-T-4-2 excavated to excavation Reduction not expected
Ditch was PRGs and removes through natural because
absorbed in disposed at an contaminants to attenuation of contaminants
the first appropriate meet human radionuclides. are removed.
quarter of the disposal facility health RAOs,
ditch; Given site removes
therefore, the configuration, it potential
end of the is likely that groundwater
ditch was contamination contaminants,
often dry. (if any) is and protects the
Waste site shallow and that environment.
configuration the alternative
suggests would comply
shallow with ARARs.
contamma-
tion.

216-W-LWC Would be Would comply Effective and Contaminants are High short-term Implementable. $2,588
Crib protective if if all permanent in moved to a less risks to

all contaminants the long term mobile workers;
contaminants could be because enviroment. ecological risks
could be excavated to excavation Reduction not expected
excavated to PRGs and removes through natural because
PRGs and disposed at an contaminants to attenuation of contaminants
disposed at an appropriate meet human radionuclides. are removed.
appropriate disposal facility. health RAOs, Higher
disposal removes possibility of
facility. potential impacting

groundwater biological
contaminants, and/or cultural
and protects the resources due to
environment. the large

excavation area.
Group consisting of
207-U Retention

UPR-200-W- 11,
and
UPR-200-W-112

Would be
protective if
all
contaminants
could be
excavated to
PRGs and
disposed at an
appropriate
disposal
facility.

Would comply
if all
contaminants
could be
excavated to
PRGs and
disposed at an
appropriate
disposal facility.

Effective and
pernunent in
the long term
because
excavation
removes
contaminants to
meet human
health RAOs,
reMOves
potential
groundwater
contaminants,
and protects the
environment.

Contaminants ae
moved to a less
mobile
environment.
Reduction
through natural
attenuation of
radionuclides.

'High short-term
risks to
workers;
ecological risks
not expected
because
contannuants
are removed.

Implenentable. $4,362

____________ I- __________ I ____________ ________

6-71



DOE/RL-2004-24 DRAFT A

Table 6-2. Detailed Analysis Summary
Waste Site

207-T Retention
Basin

216-T-12 Trench

Threshold Criteria

Overall
Protection of

Human
Health and

the
Environment

Compliance
with ARARs

for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)
flami Crtn

Long-Term
Effectiveness

and
Permanence

Reduction of
Toxicity,

Mobility, or
Volume Through

Treatment

Short-Term
Effectiveness

Implementablity Cost In
Thousands

-t I I I ________________ I ____________________

Anticipated to
be protective.
Waste site
configuration
suggests
shallow
contamination
because the
basin is a
concrete-lined
structure
versus an
unlined pond.

Anticipated to
be protective.
Waste
consists of
sludge
deposited in
207-T
Retention
Basin.

Would comply
if all
contaminants
could be
excavated to
PRGs and
disposed at an
appropriate
disposal facility
Given site
configuration
and limited
evidence of
leakage, it is
likely that
contamination
(if any) is
shallow and the
alternative
would comply
with ARARs.

Would comply
if all
contaminants
could be
excavated to
PRGs and
disposed at an
appropriate
disposal facility
Given site
characteristics,
it is likely that
contamination
(if any) is
shallow and that
the alternative
would comply
with ARARs.

Effective and
permanent in
the long term
because
excavation
removes
contaminants to
meet human
health RAOs,
Mmnves
potential
groundwater
contaminants,
and protects the
environment.

Effective and
permanent in
the long term
because
excavation
removes
contaminants to
meet human
health RAOs,
removes
potential
groundwater
contamnants,
and protects the
environment.

Contaminants are
moved to a less
mobile
environment
Reduction
through natural
attenuation of
radionuclides.

Contaminants are
moved to a less
mobile
environment.
Reduction
through natural
attenuation of
radionuclides

High short-term
risks to
workers;
ecological risks
not expected
because
contaminants
are removed.

High short-term
risks to
workers;
ecological risks
not expected
because
contaminants
are remved.

Implementable. $4,180

Iniplementable. $238
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)
Waste Site Threshold Critera Balancing Criteria

oection of withhors 'et1ene Toxicity E1tert ene IplMtabiity hosan
Proteral Coma LgTerction of ho-TTI Eff ectpvene a Thos nd

Human and Mobiity, or
Health and

the
Environment

Permanence Volume Through
Treatment

I I +41 _ _ _ _

Anticipated to
be protective.
Waste site
configuration
suggests
shallow
contaminationt
because the
sewer consists
of a vitrified
clay pipe
versus an
unlined ditch.

I I

Would be
protective if
all
contanrants
could be
excavated to
PRGs and
disposed at an
appropriate
disposal
facility.

Anticipated to
be protective.
Waste site
configuration
suggests
shallow
contamination.
because the
sewer consists
of a vitrified
clay pipe
versus an
unlined ditch.

Would comply
if all
contaminants
could be
excavated to
PRGs and
disposed at an
appropriate
disposal facility,
Given site
characteristics,
it is likely that
contamination
(if any) is
shallow and that
the alternative
would comply
with ARARs.

Would comply
if all
contaminants
could be
excavated to
PRGs and
disposed at an
appropriate
disposal facility.

Would comply
if all
contaminants
could be
excavated to
PRGs and
disposed at an
appropriate
disposal facility,
Given site
characteristics,
it is likely that
contamination
(if any) is
shallow and that.
the alternative
would comply
with ARARs.

Effective and
pernnent in
the long term
because
excavation
removes
contaminants to
met human
health RAOs,
renoves
potential
groundwater
contaminants,
and protects the
environnent.

Contaminants are
moved to a less
mxbile
environment
Reduction
through natural
attenuation of
radionuclides.

High short-term
risks to
workers;
ecological risks
not expected
because
contaminants
are removed.

Iniplenentable.

I- I I _ _ _ _ _ _ _ _

Effective and
permanent in
the long term
because
excavation
removes
contaminants
muet human
health RAOs,
retnoves
potential
groundwater
contaminants,

to

and protects the
environnent.

Effective and
permanent in
the long term
because
excavation
removes
contaninants to
met human
health RAOs,
renmves
potential
groundwater
contaminants,
and protects the
environment.

Contaminants are
moved to a less
mobile
environmnrt.
Reduction
through natural
attenuation of
radionuclides.

Contaminants are
moved to a less
mobile
enviununent.
Reduction
through natural
attenuation of
radionuclides.

Higb short-term
rsks to
workers;
ecological risks
not expected
because
containmants
are removed.
Higher
possibility of
impacting
biological
and/or cultural
resources due to
the large
excavation area.

High short-term
risks to
workers;
ecological risks
not expected
because
contaminants
are retived.

Imnplernntable;
however,
excavation would
extend to
miscellaneous
underground
storage tank
241-T-361.

Imnplemuntable.
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$238200-W-84
Process Sewer

200-W-88
Process Sewer

200-W-102
Process Sewer

$2,536

$981
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)Waste Site Threshold Criteria Balm-cing C-iter
Overall Compace Long-Term Reduction of Sh m mplemesblBty CProtection of with ARA?. E ecdvness ToXiity, Effectivenes ThousandsHans and Mobility, orHealth and Permanence Volume Through

the Treatment
Environment

Representative Site
Representative Woul Complies Would be Contaminants are Due to high Excavation to $77,501Sites 216-Z-ll effective, effective. nved to a less transurm 15 flis necessaryDitch Excavation Contarmant mobile concentrations to remo~ve all
Part of Group expected to concentrations environment. in the contaminants to
consisting of remove all are removed to Reduction 216-Z-11-Ditch, PRGs.216-Z-ID contaminants meet PRGs. through natural extremelyhigh Approximately
216-Z-19 ditches, to PRs Excavation is a attenuation of short-tern risks 36,000 yd' would216-Z-20 crib, Would proven radionuclides. to workers be disposed at
and eliminate technology, would exist; ERDF andUPR-200-W-110 direct contact with little ecological risks 2,700 d3 at thewith hunn chance of not expected WIPP for this rep.and failure because site and all itsecological 

contaminants analogous sites.receptors and are removed. Higher dose ratestransport of Higher on packaged wastecontamnants possibility of likely will affectto 
Impacting worker radiationgroundwater biological exposure.
and/or cultural Available capacity
resources due to at the ERDF may
the large be an issue.
excavation area.

Waste Sites Analogous to 216-Z-1 Ditch
207-Z Retention Anticipated Would comply Would be Contaminants are High short-term Implementable. $296Basin tobe ifall effective if all moved to a less risks to

protective. contaminants contaminants mobile workers;
Waste site could be could be environment. ecological risks
configuration excavated to excavated to Reduction not expectedsuggests PROs and PRGs and through natural because
shallow disposed at an disposed at an attenuation of contaminants
contaminatio appropriate appropriate radionuclides. are removed.n because the disposal facility. disposal
basin is a Given site facility. Given
concrete-line configuration available data,
d structure and limited it is likely that
versus an evidence of contamination
unlined pond. leakage, it is would be

likely that removed to
contamination PRGs and that
(if any) is the alternative
shallow and that would be highly
the alternative effective.
would comply
with ARARs.
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)Waste ske Treshold Criteria BahaE Criteria
ova-a CaMNplIRM. LangTn Raduetu. of Sbort-TnU lmpliemtbmay Cost inProed of with ARAz Effecun Teadcily, Efp0dnu's Thousabnds

m 130and Mblfty, oHnM ad Pamsme.e Volum Througane Trsa
ERammut

Reprnentative Site
216-A-25 Gable Would be Complies. Would be Contaminants ar High short-term Excavation to 15 fl N/AMountain Pond effective. effective. moved to a less risks to workers; is necessary to (covered inExcavation Contaninment mobile ecologiesl risks; remove all a separateexpected to concentrations environment. not expected containats to FS)remove all sr removed to Reduction because PROs.containmants meet PRCs. through natural contaminantsto PRGS. Excavation is a attenuation of are removed.Would proven radionuclides. Highereliminate technology, possibility ofdirect contact with little impacting

with human chance of biological
id failure. and/or culturalecological 

resources due toreceptors and the largetransport of gtransprt ofexcavation area.cofltfinjints
to
groundwater.

Waste Sites Analogous to 216-A-25 GaNe Mountain Pond
207-A North Anticipated Complies. Would be Contaminants am High shot-term Implementable. $247Retention Pond to be efflctive. moved to a less risks to workers;protective. Contaminant mobile ecological risksWaste site concentrations environment. not expectedconfiguration are removed to Reduction becausesuggests meet PRGs. through natural contaminantsshallow Excavation is a attenuation of a renmved.tanuna- proven radionuclides. Highertio because technology, possibility ofthe retention with little impactingpond is a chance of biological

Halon* filure. and/or culturi-lined 
resources due toonncte 
the largestructure 
excavation area.versus an

unlined pond
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)
WAst. Ste Threshold Q-f. ri _ _ Baaelag Cta.

Ov Complace Leg-Tom Redact.. of Short-Term Implementbhy Cost InProheton of with ARAbs Effect Swess Toxickty, Effietvenes ThosandsHams and Meb~y, ornkand Poe . Vd. m..qt
the Treat

EeviretMaet

Complies. Effective and Contaninants are High short-term Excavation at this
permanent in mved to a less risks to workers; site is impratical
the long term mobile ecological risks due to the location
because environment. not expected of the 216-T-27
excavation Reduction because and 216-T-28.
renoves through natural contaminants
ontaminants to attenuation of are removed.
meet hunan radionuclides. High possibility
health RAOs, of impacting
protection of biological
groundwater, and/or cultural
and the resoures due to
enviroment. excavation to

200 ft.
Waste Site, Analogowo to 216- T-26 Crib

Would comply Would be Contaminants are High short-term lIpiemuntable.
if all effective if all moved to a less risks to workers;
contaminants contaminants nmobile ecological risks
could be could be environment. not expected
excavated to excavated to Reduction because
PRGs and PRGs and through natural contaminants
disposed at an disposed at an attenuation of are renoved.
appropriate appropriate radionuclides.
disposal disposal
fbcility. Given fhoility. Given
site available data,
characteristics, it is likely that
it is likely that contamination
contamination would be
(ifany) is removed to
shallow and that PRGs and that
the alternative the alternative
would comply would be highly
with ARARs. effective.
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216-T-26 Crib

216-T-36 Crib

Protective.
Excavation
would remohve
200 ft of
contaninants,
Would
elminate
direct contact
with human
and
ecological
receptors.

Anticipated to
be protective.
Contaminant
inventory and
small amount
of discharge
suggests a
low potential
effect to
groundwater.
Waste site
configuration
suggests
shallow
contamina-
tion.

N/A
(covered in
a separate
FS)

$37,736
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Table 6-2. Detailed Analysis Summary for Alternative 3 - Removal, Treatment, and Disposal. (16 Pages)
Waste Se mn bad Criteria Balmaing Criteria

OwrMa CoMPlnMe La;g-Te RedAc tM of Star-Term lmpleMeutabnity Cost inPretet. of with ARARs Effeetlheass Tollety, Effeeidven ThousandsHuman #nd Mobifey, or
Health and Prmamee Volume Thregh

the Teetmnt
Envirmaent

200-W-79 Anticipated to Would comply Would be Contaminants a High short-term Implmenmtable. $238Pipeline be protective. if all effctive if all moved to aless risks to workers;
Waste site contaminants contaminants mobile ecological risks
configuration could be could be environment. not expected
suggests excavated to excavated to Reduction because
shallow PRGs and PROs and through natural contaminants
contamination disposed at an disposed at an attenuation of are rexved.

appropriate
disposal
jacility. Given
site
characteristics,
it is likely that

appropriate
disposal
facility. Given
available data,
it is likely that

contaminationcontamination would be
(if any) is removed to
shallow and that PRGs and that
the alternative the alternative
would comply would be highly
with ARARs effective.

*Hypalon is a registered trdemnrk of Dupont Dow Elastomers Limited Liability Company, Wilmington, Delaware.

radionuclides.

applicable or relevant and appropriate requirement.
Environmental Restoration Disposal Facility.
feasibility study.
not applicable.
preliminary remediation goal.
Plutonium-Uranium Extraction Plant.
remedial action objective.
Waste Isolation Pilot Plant,
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because the
sewer consists
of a vitrified
clay pipe.

ARAR
ERDF
FS
N/A
PRG
PUREX
RAO
WIPP

I
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Wake Ste

216-U-10 Pond

216-S-16P
Pond

Group T
consisting of
216-S-17 Pond
and
UPR-W-124
Unplanned
Release

Table 6-3. Detailed Analysis Summary for Alternative 4 -Capping. (14 Pages)
Threshold Criteria Beiming Crfbrb_

Owran Rodue" of

ProbeIe Of Compa e lag-Term ToXIelty,
Hums He"a wth Effeethwenm; Moby, or Sbor-Tnerf Cot In

and do* ARA% ad Volume Ef..etiveues e Thousands
EuivironmNt Pemnvmee Through

Representative Site

Protective. This Complies Would be ' Reduction Limited Readily $46,064
alternative with ARARs effective. through natural short-term risks implenrutable;
would break because the Modified attenuation of to workers; no source of fine grain
potential barrier is in RCRA radionuclides. ecological risks capping materials
exposure place. C-type barrier expected, site has not beenpathways to is protective will be capped identified.
receptors to 500 years. and clean soil
through PRGs for this placed as the
placement of a site are final layer.
surface barrier to reached in
limit infltration approxi-
and intrusion. mately 280

years.

Waste Sites Analogous 1o216-U-10 Pond
This alternative Complies Would be Reduction Limited Readily $47,629
would break with ARARs effective if through natural short-term risks implementable;
potential because the contaminants attenuation of to workers; no source of fine grain
exposure barrier is in degraded radionuclides. ecological risks capping mterials
pathways to place. within expected, site has not been
eceptors 1,000 years. will be capped identified.
hrough Modified and clean soil
placement of a RCRA placed as the
urface barrier to C-type barrier final layer.
mit infiltration is protective
nd intrusion. to 500 years

and
Hanford-type
barrier to
1,000 years.

his alternative Complies Would be Reduction Limited Readily $32,389vould break with ARARs efftctive if through natural short-term risks implementable;
otential because the contaminants attenuation of to workers; no source of fine grainxposurt barrier is in degraded radionuclides. ecological risks capping nterials
ethways to place. within expected, site has not been
eceptors 1,000 years. will be capped identified.
hrough Modified and clean soil
lacement of a RCRA placed as the
urface barrier to C-type barrier final layer.
init infiltration is protective
nd intrusion. to 500 years

and
Hanford-type
barrier to
1,000 yars.
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Wase she

216-T-4A Pond

216-T-4B Pond

216-U-9 Ditch

Table 6-3. Detailed Analysis Summary for Alternative 4 - Capping. (14 Pages)
Threshold Criteria Babulan 3g Crteria

Overa Redneds of
Presedoit of CpioM .at-TerM Toxiety.

Ems. Health with Effbcvmues Mlity, or Short-Torm Cost In
"Rdthe A and Veume Effeethenas InupThtoduund

Emvireson.t Through

IThis alternative
would break
potential
exposure
pathways to
receptors
through
placement of a
surface barrier to
Uinit infitration
and intrusion.

This alternative
would break
potential
exposure
pathways to
receptors
through
placement of a
surfice baier to
linit infiltration
and intrusion.

This altemative
would break
potential
exposure
pathways to
receptors
through
placenent of a
surface barrier to
limit infiltration
and intrusion.

Complies
with ARARs
because the
barrier is in
place.

Complies
with ARARs
because the
barrier is in
place.

Complies
with ARARs
because the
barrier is in
place.

Would be
effective if
contaminants
degraded
within
1,000 years.
Modified
RCRA
C-type barrier
is protective
to 500 years
and
Hanford-type
barrier to
1,000 years.
Would be
effective if
contaminants
degraded
within
1,000 years.
Modified
RCRA
C-type barrier
is protective
to 500 years
and
Hanford-type
barrier to
1,000 years.
Would be
effective if
contaminants
degraded
within
1,000 yeas.
Modified
RCRA
C-type barrier
is protective
to 500 years
and
Hanford-type
barrier to
1,000 years.

atteaton Reduction
through natural
attenuation of
radionuclides.

Reduction
through natural
attenuation of
radionuclides

Reduction
Lhruugh natural
ittenuation of
radionuclides.

LUnited
short-term risks
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final layer.

Liited
short-term risks
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final layer.

Limited
short-term risks
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final layer.

Readily
implemnentable;
source of fine grain
capping Mterials
has not been
identified

Readily
iniplerntable;
source of fine grain
capping Materials
has not been
identified

Readily
muplementable;

source of fine grain
capping nterials
has not been
identified
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Table 6-3. Detailed Analysis Summary for Alternative 4 -Capping. (14 Pages)
Threshold Critria Balancing crited

Overnll Reduetion of
waste ske Preftlea of Compliance M T M Toxicity,

Husman Health with Effeetvsens Mobilty, or Short-Ternand the AlAR and Vohlum Effwivenem Obp i ty C a PermanThou"rndsEnvlronmet Poraaeine Thnqaga
Teatment

216-U-1I Ditch This alternative Complies Would be Reduction Limited Readily $1,329would break with ARARs etrective if through naturl short-term risks implemntable;potential because the contan nMs attenuation of to workers; no source of fine grainexposure hairier is in degraded radionuclidea ecological risks capping nterialspathways to place, within expected, site has not beenreceptors 1,000 year- will be capped identified.through Modified and clean soilplacement of a RCRA placed as the
surface barrier to C-type barrier final layer.
limit infiltration is protective
and intrusion. to 500 Years

and
Hanford-type
barrier to
1,000 years.

216-S-5 Crib This alternative Complies Would be Reduction Limited Readily $1,605would break with ARARs effective if through natural shoi-tern risks implementable;potential because the contaminants attenuation of to workers; no source of fine grainexposure barrier is in degraded radionuclides. ecological risks capping mterialspathways to place. within expected, site has not beenreceptors 1,000 years. will be capped identified.through Modified and clanm soilplacement of a RCRA placed as the
surface barrier to C-type barrier final layer.
limit infiltration is protective
and intrusion. to 500 years

and
Hanford-type
barrier to
1,000 years.

2 16-S-6 Crib This alternative Complies Would be Reduction Limited Readily $1,605would break with ARARs effective if through natural shorttenn risks implenwntable;potential because the containaents attenuation of to workers; no source of fine grainexposure borier is in degraded radionuclides. ecological risks capping materialspathways to place. within expected, site has not beenreceptors 1,000 years will be capped identifiedthrough Modified and clean soilplacement of a RCRA placed as the
surface barrier to C-type barrier final layer.
limit infiltration is protective
and intrusion to 500 years

and
Hanford-type
bafrfer to
1,000 years.
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West. site

Group
consisting of
216-A-6,
UPR-200-E-19,
UPR-200-E-21,
and
UPR-200-E-29

216-A-30 Crib

Table 6-3. Detailed Analysis Summary for Alternative 4 - Capping. (14 Pages)
Threshold Criteria Balauclg Criteris

Overel Suudluc of
Poedo c.f ... lag-Tnr Tazelty,

Humma.m. wfth Effeetdweem Molity, or Short-Tnr CotI
andtse APa-d Volume Effetlveues IiautSt Tousands

Endve Aent lmaeue Trou'gh
Treatment

This alternative Complies Would be Reduction Limited Readily $729
would break
potential
exposure
pathways to
receptors
through
placement of a
surface barrier to
limit infiltration
and intrusion.

This altemative
would break
potential
exposure
pathways to
receptors
thrugh
placement of a
surface barrier to
limit infiltration
and intrusion

with ARARs
because the
barrier is in
place.

Complies
with ARARs
because the
barier is in
place.

216-S-25 Crib This alternative Complies
would break
potential
exposure
pathways to
receptors
through
plamcment of a
surftee barrier to
limit infiltration
and intrusion.

with ARARs
because the
barrier is in
place.

Offective if
contaminmnts
degraded
within
1,000 years.
Modified
RCRA
C-type barrier
is protective
to 500 Wars
and
Hanford-type
barrier to
1,000 years.

Would be
effibtive if
contaminants
degraded
within
1,000 years.
Modified
RCRA
C-type barrier
is protective
to 500 years
and
Hanfird-type
barrier to
1,000 years.

Would be
effective if
contaminants
degraded
within
1,000 years.
Modified
RCRA
C-type barrier
[s protective
to 500 Wars
and
Hanford-type
barrier to
1,000 years.

through natund
attenuation of
radionuclides

Reduction
through natural
attenuation of
radionuclides.

Reduction
through natural
attenuation of
radionuclides.

short-term risks
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final layer.

Limited
short-term risks
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final layer.

Limited
short-tern risks
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final layer.

implemnntable;
source of fine grain
caping materials
has not been
identified

Readily t$677
implenentable;
source of fine grain
capping materials
has not been
identified.

Readily
implementable;
source of fine grain
capping materials
has not been
identified.
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Table 6-3. Detailed Analysis Summary for Alternative 4 -Capping. (14 Pages)
hreshold Criteria _BalcinmIg Criteria

O verall R*W T W M T c
Waste site Proection of Complisme la-Temn TohotTHums. nesst wit EKletles Mobhlty, r Short-Twam Cost InHMR=me" ithmw Volume gEfeesses h pai~itailiy Chors. and the ARARs Ey The ods

Enviroanema t amona Through
Tratment

216-A-37-2 This alternative Complies Would be Reduction Limited Readily $677Crib would break with ARARs effective if through natunl short-term risks implemeztable;
potential because the contaminants attenuation of to workers; no source of fine grainexposure barrier is in degraded radionuclides. cological risks capping mterials
pathways to place. within expected, site has not beenreceptors 1,000 years. will be capped identified.through Modified and clean soil
placement of a RCRA placed as the
surface barrier to C-type barrier final layer.
limit infiltration
and intusion.

This alternative
would break
potential
exposure
pathways to
rcepcI
through
placement of a
surface barrier to
limit infiltration
and intrusion.

This alternative
would break
potential
exposure
pathways to
receptors
through
placement of a
surface barrer to
limit infiltration
and intrusion.

is protective
to 500 years
and
Hanford-type
barrier to
1,000 va&
Would be
effective if
contaminants
degraded
within
1,000 yeara
Modified
RCRA
C-type barrier
is protective
to 500 years
and
Hanford-type
barrier to
1,000 years.
Would be
efibetive if t
contaminants a
degraded r
within
1,000 years.
Modified
RCRA
C-type barrier
is protective
to 500 years
and
Hanford-type
barrier to
1,000 years.

Reduction
through natural
attenuation of
radionuclides.

teduction

brough natural
ttenuation of
adionuclides

Limited
short-ternirisks,
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final layer.

Limited
short-term risks
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final layer.

Readily
implementable;
source of fine grain
capping materials
has not been
identified.

Readily
implementable;
source of fine grain
capping materals
has not been
identified

$682

$702
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216--B-55 Crib

216-S-172
Control
Structure

Complies
with ARARs
because the
barrier is in
place.

Complies
with ARARs
because the
barrier is in
place.
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Table 6-3. Detailed Analysis Summary for Alternative 4 - Capping. (14 Pages)
Trehold Criteria BabaeIq Criteria

Overan Rednedo. of
wae SW Probte.o of comip a e LgTER Tuidlty,

Huma B n a & - Effeedwsen Mobigty, or Short -Tern C i
andthe ARARs and Volme Effeedvenes I aa y Caa

Environment Furnamenee Threagh
Treasn

2904-S-160 This alternative Complies Would be Reduction Limited Readily $702
C eflctive if through natural short-term nsks n7plenrnabl;Structur potential becus th contamiunants attenuation of to workers; no source of fine grainexposure hdi in degraded radionuclides. ecological risks capping materialspathways to place. within expected, site has not beenreceptors i ,ooo years. will be capped identified.through Modified and clean soilplacement of a RCRA placed as the
surface barrier to C-type barrier final layer.
linit infiltration is protective
and intrusion. to 500 years

and
Haniord-type
barrier to
1,000 years.

2904-8-170 This alternative Complies Would be Reduction Limited Readily $686Control would break with ARARs effective if through natural short-term risks implernentable;
structure potential because the contaminants attenuation of to workers; no source of fine grainexposure barrier is in degraded radionuclides. ecological risks capping materialspathways to place. within expected, site has not beenreceptors 1,000 years. will be capped identified.through Modified and clean soilplacement of a RCRA placed as thesurface barrier to C-type barrier final layer.limit infiltration is protective

and intrusion. to 500 years
and
Hanford-type
barrier to
1,000 years.

2904-S-171 This alternative Complies Would be Reduction Limited Readily $702Control would break with ARARs eflbctive if through natural short-termnrisks inrenntable;stctur potential because the contaminants attenuation of to workers; no source of fine grain
exposure barrer is in degraded radionuclides. ecological risks capping materialspathways to place, Within expected, site has not beenreceptors 1,000 years. will be capped identified
through Modified and clean soilplacement of a RCRA placed as thesurface barrier to C-type banier final layer.limit infiltration is protective
and intrusion to 500 years

and
Hanford-type
barrier to
1,000 years.
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WaIse She

207-S
Retention
Basin

216-B-64
Retention
Basin

200-E-113
Process Sewer

t

a

Table 6-3. Detailed Analysis Summary for Alternative 4 - Capping. (14 Pages)
Threshold Criteria __ Bulameing Criteria

Overan Reduction of
Prmeon of conpa g-rTe Tocity Cost

Huam"n Redlth WIR EflEthenew Mobity, or Short-Term
&.d the ARAn. end veh . Enecee. losplemirstabafty Cot'

Enwfrnomut Pemanence Through
Treatment

This alternative Complies Would be Reduction Limited Readily $702would break with ARARs effective if through natural short-term risks implementable;
potential because the contaminants attenuation of to workers; no source of fine grainexposure barrier is in degraded radionuclides. ecological risks capping materialspathways to place. within expected, site has not beenreceptors 1000 wars. will be capped identified.
through Modified and clean soil
-i------ tpacIrin Of a
surface barrierto
limit infiltration
and intrusion.

This alternative
would break
potential
exposure
pathways to
reeptoM
through
placement of a
surfhce barrier to
limit infiltration
and intrusion.

This alternative
would break
potential
exposure
pathways to
eceptors
hrough
placament of a
urthce barrier to
imit infiltration
nd intrusion.

Complies
with ARARs
because the
barrier is in
place.

Compilies
with ARARs
because the
barrier is in
place.

RCRA
C-type barrier
is protective
to 500 wars
and
Hanford-type
barrier to
1,000 years.

Anticipated
to be
effective.

Would be
effbctive if
contaminmts
degraded
within
1,000 years.
Modified
RCRA
C-type barrier
is protective
to 500 years
and
Hanford-type
barrier to
1,000 years.

Reduction
through natural
attenuation of
radionuclides.

Reduction
through ntural
attenuation of
radionuclides

placed as the
final laer.

Limited
short-term risks
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final lavr.

Liited
short-term risks
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final laer.

Readily
implementable;
source of fine grain
capping materials
has not been
identified

Readily
inlementable;
source of fine grain
cappig nuteials
has not been
identified.

$682

$677
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Table 6-3. Detailed Analysis Summary for Alternative 4 -Capping. (14 Pages)
Threseld Critera 1sBADMeing Criteria

OVOnM Rednedo. of
EWnse Sk. PrOteielf Copance 1L Ten Toxicity,

Human ekh with Ekvemes MobEty, or Short-Ten Cm
and the ARARs ad VoiMMe Eeetivonem Thousands

Efroaumoat Penn. Through
___ Treatment

Representative Site
216-U-14 Ditch Would be Complies Would be Reduction Limited Readily

protective. This with ARARs effective. through ati shortterisks inplemnabl
alternative because the Modified attenuation of to workers; no source of fine grainwould break barrier is in RCRA radionuclides. ecological risks capping materials
potential place. C-type barrier expected, site has not been
exposure is protective will be capped identified.
pathways to to 500 years. and clean soil
receptors PRGs for this placed as the
through site am final layer.
placement of a reached in
surface barrier to approxi-
limit infiltration mately 470
and intrusion. years.

Waste Sites Analogous to 216-U-14 Ditch
216-S-16D This-alteative Coplies Would be Reduction Limited Readily
Ditch would break with ARARs effective. through natural short-term risks iiplementable;

potential because the Modified attenuation of to workers; no source of fine grain
exposue barier is in RCRA radionuclides. ecological risks capping materialspathways to place. C-type barrier expected, site has not been
receptors is protective will be capped identified.through to 500 years. and clean soil
placement of a Based on placed as the
surface barrierto 216-U-14, final layer.
limit infiltration PRGs for this
and intrusion. dst.r

reached in
apprmx-
mately 470
years.

216-T-1 Ditch This alternative Complies Would be Reduction Limited
would break with ARARs effective through natural short-term risks
potential because the Modified attenuation of to workers; noexposure barrier is in RCRA radionuclides. ecological risks
pathways to place. C-type barrier expected, site
receptors is protective will be capped
through to 500 years- and clean soil
placement of a Based on placed as the
surface barrier to 216-U-14, final layer.
limit infiltration PRGs for this
and intrusion site are

reached in
approxi-
mately 470
years.

Readily
implemnntable;
source of fine grain
capping materials
has not been
identified.

$17,497

$5,260

$4,230

6-85
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Table 6-3. Detailed Analysis Summary for Alternative 4 - Capping. (14 Pages)
Thireshold Criteria Balancing Criteria

Reduce. of
Wa nshe Preetlemof Compne Long.-Tern Tuelty,

Human ne Eeiedvsen Mobility, or Sort-Term cost inand h ARARs and Volumne Effeduss Imple-e7 ty hosands
Euvirmnmt PanmanenTe Tog

lhnemmt
Group This alternative Compli Would be Reducti Limited Radiiconsisting of would break with ARARs effective. t h t r isks iple$n2ntable216-T4-ID potential becausethe Modified na to workn soure of fine grainand 216-T-4-2 exposure bawler is in RCRA radionuclie eolwocrkso u f capping nuterialsDitches pathways to place. C-type barrier cd, s has not beenreceptors is protective Ibe capped identified.through to 500 years. and clean soilplacemnent of a Based on placed as thesurface barrier to 216-U-14, final layer.

linit infiltration PR s for this
and intrusion. site am

reached in
approxi-
nately 470
years.

216-W-LWC This alternative Complies Would be Reductn Limited Readily $61,333Laundry Waste would break with ARARs effective. through natural shot-tern risks ienntable;Crib potential because the Modified attenuation of to workers; no source of fine grainexposure barrier is in RORA radionuclides. ecological risks capping nterialspathways to place. C-type barrier expected, site has not beenreceptors is protective will be capped identified.through to 500 years. and clean soilplacenent of a Basdon placed as the
surface barrier to 216-U-14, final layer.
limit infiltration PR s for this
and intrusion. site am

reached in
approxi-
ntstely 470
years.

Group This alternative Complies Would be Reduction Limited Readily $28,035consisting of would break with ARARs effective, through natural short-ter, risks il3ple5nntable;207-U potential because the Modified attenuation of to workers; no source of fine grainRetention exposure barier is in RCRA radionuclides. ecological risks capping naterialsBasin, pathways to place. C-type barrier expected, site has not beenUPR-W-l 11, receptors is protective will be capped identified.U d through to 500 years. and clean soilUPR-W-ll12 placaennt of a Based on placed as theUnplanned surface barier to 216-U-14, final layer.
Releases limit infiltration PRGs for this

and intrusion site are
reached in
approxi-
inately 470
years.
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Table 6-3. Detailed Analysis Summary for Alternative 4 - Capping. (14 Pages)
Threso Cd Criteria Balanelug Criteria

Ofraeduedo of
Prqi'-im of ComplIane a Tn Toxicity,

Human Health with = G Mobh.t, Mr ShOt-Tr came in
mw, Val.e Kffecdeeess T ousands

EViromment Pmmenee Through

This alternative Complies Would be Reduction Limited Readily $23276would break with ARARs eflective. through natural shol-term risks implenrntable;
potential because the Modified attenuation of to workers; no source of fine grain
exposure barrier is in RCRA radionuclides. ecological risks capping materialspathways to place. C-type barrier expected, site has not been
receptors is protective will be capped identified.
though to 500 years. and clean soil
placement of a Based on placed as the
surface barrier to 216-U-14, final layer.
limit infiltration PRGs for this
and intrusion. site are

reached in
approxi-
mately 470
years.

This alteMative Complies Would be Reduction Limited Readil $681would break with ARARs effective. through natural short-tern risks implemrntable;potential because the Modified attenuation of to workers; no source of fine grainxposure barrier is in RCRA radionuclides. ecological risks capping materials
at ways to place. C-type barrier expected, site has not beenceptwos is protective will be capped identified.
brough to 500 years. and clean soil
lacement of a Based on placed as the
urftce barrier to 216-U-14, final layer.
imit infiltration PRGs for this
nd intrusion. site are

reached in
apprmx-
mntely 470
years.

bis alternative Complies Would be Reduction Limited Readily $,ould break withARARs effective. through natural short-termrisks implernutable;
otential because the Modified attenuation of to workers; no source of fine grain
xposur barier is in RCRA radionuclides. ecological risks capping materialsathways to place. C-type barrier expected, site has not beenImptors is protective will be capped identified.rough to 500 years. and clean soil
acement of a Based on placed as the
rce barrier to 216-U-14, final layer.mit infiltration PRGs for this

id intrusion. site are
reached in
approxi-
mately 470
years.
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Wastt Sie

200-W-88
Process Sewer

200-W-102
Process Sewer

Table 6-3. Detailed Analysis Summary for Alternative 4 - Capping. (14 Pages)
Threshold Criria g Bal uCriteria

Overall Reduction of
Prhice" of Complance L Ten. Toxicity,

BUMM O EWh ffectuenoss Mobility, or Short-Term Cost In
Snd the A and Vane Effectuvess ay Thousands

Punsnce Thrm i

This alternative
would break
potential
exposure
pathways to
receptors
through
placement of a
surface barrier to
limit infiltration
and intnusion.

This alternative
would break
potential
exposure
pathways to
receptors
through
placement of a
surface barrier to
imit infiltration
and intrusion.

Complies
with ARARP
because the
barrier is in
place.

Complies
with ARARs
because the
barrier is in
place.

Representative Would be Complies
Sites 216-Z-1 1 noderately with ARARs
Ditch protective. because the
Part of Group Although, in the barrier is in
ABAR2WIO short term this place.
consisting of altemative
216-Z-ID, would break
216-Z-19, potential
21 6-Z-20,and exposure
UPR-200-W- 10, pathways to
and 216-Z-20 receptors

through
placement of a
surface barrier to
limit infiltration
and intrusion,
integrity of the
cap can not be
ensured past
1,000 years.

iiesm% t

Would be Reduction
effective. through natural
Modified attenuation of
RCRA radionuclides.
C-type barrier
is protective
to 500 years.
Based on
216-U-14,
PRGs for This
site are
reached in
approxi-
mately 470
years.

Would be Reduction
effective. through natural
Modified attenuation of
RCRA radionuclides.
C-type barrier
is protective
to 500 years.
Based on
216-U-14,
PRGs for this
site are
reached in
approxi-
mately 470
years.

RepreMentative Site

Would be Reduction
partially through natural
effective. attenuation of
Hanfird-type radionuclides.
barrier is
protective to
1,000 years.
Transuranic
concentra-
tions would
remain for
greater than
this time
period.

Limited
short-term risks
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final layer.

Limited
short-term risks
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final layer.

Limited
short-term risks
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final layer.

Readily
inplementable;
source of fine grain
capping materials
has not been
identified

Readily
implementable;
source of fine grain
capping materials
has not been
identified

$15,888

$4,475

Readily $42,237
implemantable;
source of fine grain
capping materials
has not been
identified.
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Table 6-3. Detailed Analysis Sunmmary for Alternative 4 -Capping. (14 Pages)
Thsold Cta Baluseing Criteria

Overall Redueon of
wats sit. proed" or CURpHanee LaTonn ToZiCty,

HmamlEfeetvess Mobifty,or Short-Tern
o and Volume Effeeivemes Implemas lty Coa In0041 th ARA~xThoisands

EWATOReman Pesmsuece Through
Treatment

Waste Site Analogous to 216-Z-li Ditch
207-Z This alternative Complies Would be Reduction Limited Readil $3,761Retention wouldbreak with ARARs effective if through natun short-termrisks implem ble- 3,71;Basin potential because the contaminants attenuation of to workers; no source of fine grainexposure barrier is in degraded radionuclides. ecological risks capping materials

pathways to place. within expected, site has not beenreceptors 1,000 yars. will be capped identified.through Modified and clean soil
placement of a RCRA placed as the
surface barrier to C-type barrier final layr.
limit infiltration is protective
and intrusion. to 500 years

and
Hanford-type
barrier to
1,000 wars.

Would be Complies Would be Reduction Limited Readil
Protective. This with ARARs effective, thmugh natual short-erm nsks inplenuntable; in a separatealternative because the Modified attenuation of to worker; nO source of fine grain FS)would break barrier is in RCRA radionuclides. ecological risks capping mrteriaspotential place. C-type barrier expected, site has not beenexposure is protective will be capped identified.pathways to to 500 years. and clean soil
reeptors PRGs for this placed as the
through site are final layer.
placement of a within this
surface barrier to time franw.
limit infiltration
and intrusion.

Waste Sites Analogous to 216-A-25 Gable Mountain Pond
This alternative Complies Would be Reduction Limited Readily $702would break with ARARs effective if through natural short-term risks inple mentable;
potential because the contaminants attenuation of to workers; no source of fine grainexposure barier is in degraded radionuclides. ecological risks capping materials
pathways to place. within expected, site has not beenreceptors 1,000 years. will be capped identified.through Modified and clean soil
placement of a RCRA placed as the
surface barrier to C-type barrier final layer.
limit infiltration is protective
and intrusion. to 500 years

and
Hanford-type
barrier to
1,000 ears.

21 6-A-25
Gable
Mountain Pondl

207-A North
Retention Pond

6-89
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Table 6-3. Detailed Analysis Summary for Alternative 4 - Capping. (14 Pages)
dCriteria Balancing Criteria

Oerall Reduetdia of
Wae OverO C Lag-TerM Toxicity,

Wast sel lth of Effcdwewns M MIfty, or Short-T m . in
_adtie A and Volume EffocUvenem Tho=d

EnvIronment PEmec Through
Treshown

Would be
protective. This
alternative
would break
potential
exposure
pathways to
receptors
through
placement of a
surfice barrier to
limit infiltration
and intrusion.

This alternative
would break
potential
exposure
pathways to
receptors
through
placernent of a
surface barrier to
limit infiltration
and intrusion.

Reprentative Site

Complies Would be Reduction Limited
with ARARs effective if through natural short-term risks
because the contaminants attenuation of to workers; no
banier is in degraded radionuclides. ecological risks
place within expected, site

1,000 yeam. will be capped
Modified and clean soil
RCRA placed as the
C-type banier final layer.
is protective
to 500 years
and
Hanford-type
barrier to
1,000 Yars.

Waste Sites Analogous to 216-T-26 Crb
Complies Would be Reduction Limited
with ARARs effective if through natural short-term risks
because the contaminants attenuation of to workers; no
barrier is in degraded radionuclides. ecological risks
place. within expected, site

1,000 years. will be capped
Modified and clean soil
RCRA placed as the
C-type barrier final layer.
is protective
to 500 years
and
Hanford-type
barrier to
1,000 years.

Readily
impleinentable;
source of fine grain
capping materials
has not been
identified.

Readily
implennentable;
source of fine grain
capping mterials
has not been
identified

6-90

216-T-26 Crib

21 6-T-36 Crib

N/A (covered
in a separate
FS)

$3,004
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Table 6-3. Detailed Analysis Summary for Alternative 4 - Capping. (14 Pages)
flredde Criteria Balancing Criteria

Reducitn of
P t f Term TOACY

Human Beaflh
VOWdthe

Eaviramem.t

Waste Sie

200-W-79
Pipeline

CAWpWROMPOU

:ARARs

Complies
with ARARs
because the
barrier is in
place.

Effecvene
and

Perma-ence

Would be
effective if
contaminants
degraded
within
1,000 yars.
Modified
RCRA
C-type barrier
is protective
to 500 years
and
Hanford-type
barrier to
1,000 wars.

Mobilty, or
VlEums

Treatesent
Reduction
through natual
attenuation of
radionuclides

Resoucte Conservation and Recovery Act of1976,42 USC 6901, et seq.

Sbart-TR Cost In
ffectiveness IT housands

Limited
short-term risks
to workers; no
ecological risks
expected, site
will be capped
and clean soil
placed as the
final layer.

Readily
implementable;
source of fine grain
capping materials
has not been
identified.

= applicable or relevant and appropriate requirement,
= preliminary rernediation goal.
= Resource Conservation and Recovery Act of 1976.

6-91

This alternative
would break
potential
exposure
pathways to
receptors
through
placement of a
surface barrier to
limit infiltration
and intrusion.

$685

ARAR
PRG
RCRA
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Table 6-4. Detailed Analysis Summary for Alternative 5 - Partial Removal, Treatment, and
Disposal with Capping. (11 Pages)

Waste Sie Threshold Criteria BanIn Crker.s
Ovnn ComplanCe Lang-Trm Redueto of Short-TiO Implemtabuty Cost inProtect. of with ARARs Effetven T , Effe nveness ThousandsHUMsuM anid Mobliffty, or

Health and Permanent. Volume
the ThroeghEuviremmentTeaen

Representative Site
216-U-I Pond Protective Cfhieq with Thi

p suCnnamirs Short-termExcavation ARARs alternative are moved to radiological
would remove because the would be a less mobile risks to
15 ft of soil barrier is partially environment. workers
contaminants in place and effective. Reduction (1.4 rem);
to eliminate direct contact The nist through ecological
direct contact with human highly natunal risks not
with hunin and ecological contaminated attenuation of expected
and ecological receptors is soils would radionuclides. because
receptors. removed. be excavated, ontaminants
Caps will be some ar nmoved.
designed to chemicals Higher
reduce and possibility of
infiltration and radionuclides inmacting
protect are left in biological
groundwater place. Caps and/or culturalover the will be resources due
lifetime of the designed to to the large
cap- reduce excavation

infiltration. ara.

Woste Sites Analogou to 216-U-10 Pond

Complies with This Contaminants Short-term
ARARs altemative are moved to risks to
because the would be a less mobile workers;
soil barrier is partially environment. ecological
in place and eftective. Reduction risks not
direct contact Although the through expected
with human most highly natural because
and ecological contaminated attenuation of contaminants
receptors is soils would radionuclides. are removed.
rernoved. be excavated, Higher

some possibility of
chemicals lflpactng
and biological
radionuclides and/or cultural
are left in resources due
place. Caps to the large
will be excavation
designed to area.
reduce
infiltration.

216-S-16P Pond ective
Excavation
would rermve
15 It of
contaminants
to eliminate
direct contact
with human
and ecological
remptors.
Caps will be
designed to
reduce
infiltration and
protect
groundwater
over the
lifetime of the
cap.

More than
2.7 million yd'
would be disposed
at ERDF for this
representative site
and all its
associated
analogous sites,
Implementability
may be
questionable
because available
capacity at the
ERDF nay be an
issue.

Implementable;
however,
available capacity
at the ERDF nay
be an issue.
Source of fine

grain capping
materials has not
been identified

6-92

$130,523

$137,569

L-I I
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WV

Table 6-4. Detailed Analysis Summary for Alternative 5 - Partial Removal, Treatment, and
Disposal with Capping. (II Pages)

- Site Threshold Criteria Balancihg Criteria
Overl Compianee lag-Term Reductieo of Short-Tnrm ImpsastaftbHfy Cast InPreen., of with AXtARs Effearivenmes Toxiciy, Effaioveness ThousandsHuman . and Mobity, or

Health and POManece Ve1
the Thregh

Envfremmet Treatment
Group consisting
of 216-S-17 Ponc
and UPR-W-124
Unplanned
Release

216-T-4A Pond

Protective
I Excavation

would rmove
15 ft of
contminants
to eliminate
direct contact
with hunun
and ecological
receptors.
Caps will be
designed to
reduce
infiltration and
protect
groundwater
over the
lifetime of the
cap-

Protective
Excavation
would remove
15 ft of
contaminants
to eliminate
direct contact
with human
and ecological
rceptors.
Caps will be
designed to
reduce
infiltration and
protect
groundwater
over the
lifetime of the
cap.

Complies with
ARARs
because the
soil barrier is
in place and
direct contact
with humnn
and ecological
receptors is
removed.

Complies with
ARARs
because the
soil barrier is
in place and
direct contact
with humn
and ecological
receptors is
renoved.

This
alternative
would be
partially
efrective.
Although the
most highly
contaminated'
soils would
be excavated,
son
chemicals
and
radionuclides
are left in
place. Caps
will be
designed to
reduce
infiltration.

This
alternative
would be
partially
effective.
Although the
most highly
contaminated
soils would
be excavated,
some
chemicals
and
radionuclides
are left in
place. Caps
will be
designed to
reduce
infiltration.

Contaminants
are moved to
a less mobile
environment.
Reduction
through
natural
attenuation of
radionuclides.

Conterinants
are moved to
a less mobile
enviromunt.
Reduction
through
natural
attenuation of
radionuclides.

t

e

Short-term
risks to
workers;
ecological
risks not
expected
because
contaminants
are removed.
Higher
possibility of
impacting
biological
and/or cultu-al
resources due
to the large
excavation
area.

Short-term
risks to
workers;
ecological
risks not
expected
because
contaminants
are emoved.
Higher
possibility of
mpacting
biological
andor cultural
resources due
o the large
xcavation
stea.

Inplementable-
however,
available capacity
at the ERDF may
be an issue.
Source of fine
grain capping
materials has not
been identified.

Implementable;
however,
available capacity
at the ERDF may
beanis
Source of fine
rain capping
materials has not
been identified.
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$93,637

$110,287
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Table 6-4. Detailed Analysis Summary for Alternative 5 - Partial Removal, Treatment, and
Disposal with Capping. (11 Pages)

mSi. Threshold Criteria Blaolwing Criteria
Overall CpMa . -Ter reduo of Shot-Tn Imphmentaldlty Cost inProtection of with ARARs Effeeivenes Toxicity, Effmtlve m ThousandsHuman and MobIty, or

Healta and PermauMcue Volume
the Through

_EKvironeaent ' Treatment
216-T4B Pond

21 6-U-9 Ditch

Complies with
ARARs
because the
soil barrier is
in place and
direct contact
with human
and ecological
receptors is
removed.

Cowmlies with
ARARs
because the
soil barrier is
in place and
direct contact
with human
and ecological
receptors is
removed.

Protective
Excavation
would remove
15 ft of
contaminants
to eliminate
direct contact
with human
and ecological
receptors.
Caps will be
designed to
reduce
infiltration and
protect
groundwater
over the
lifetime of the
cap.

Protective
Excavation
would remove
15 ft of
contaminants
to eliinate
direct contact
with human
and ecological
receptors.
Caps will be
designed to
reduce
infiltration and
protect
groundwater
over the
lifetime of the
cap.

Contaminants
are moved to
a less mobile
environmient.
Reduction
though
natural
attenuation of
radionuclides.

Contaminants
are moved to
a less mobile
environnent.
Reduction
through
natural
attenuation of
radionuclides.

This
alternative
would be
partially
effective.
Although the
most highly
contaminated
soils would
be excavated,
some
chemicals
and
radionuclides
are left in
place. Caps
will be
designed to
reduce
infiltration.

This |
alternative
would be
p-tially
effective.
Although the
Umt highly
contaminated
soils would
be excavated,
soMID
chemicals
and
radionuclides
are left in
place. Caps
will be
designed to
reduce
infiltration.

6-94

w

Short-term
risks to
workers;
ecological
risks not
expected
because
contamnmants
ar- removed.
Higher
possibility of
Impacting
biological
and/or cultural
resources due
to the large
excavation
area.

Short-term
risks to
workers;
ecological
risks not
expected
because
contamamnts
are removed.
Higher
possibility of
impacting
biological
and/or cultural
resources due
o the large
excavation
aea.

$7,075

$4,085

Implementable;
however,
available capacity
at the ERDF may
be an issue.
Source of fine
gain capping
materials has not
been identified.

Inplementable;
however,
available capacity
at the ERDF ny
be an issue.
Source of fine
grain capping
materials has not
been identified.
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Table 6-4. Detailed Analysis Summary for Alternative 5 - Partial Removal, Treatment, andDisposal with Capping. (11 Pages)
Waste Site Threshold Criteria BaeUIming Crieria

Overall COMpiuc Lag4.rm Reductsof Shut-Tni lmmppatatay CosthiProtects. of with AARs Effectvmn Toxci, Effece. 1 , Thousands
Human mud Mobilty, or

Healt and Permanence Volume
the Tbro.th

En nmt Treatmnt
216-U-1 I Ditch Prtective Complies with This Contaminants Short-tenn Inwlenrntable; $6,173Excavation ARARs alternative are rnoved to risks to however,

would remnve because the would be a less Ynobile workers; available capacity15 ft of soil barrier is partially environnent. ecological at the ERDF aycontaminants in place and effective. Reduction risks not be an issue.to eliminate direct contact Although the through expected Source of finedirect contact with buman nmt highly natural because gain capping
with hunan and ecological contaminated attenuation of contaminants naterials has notand ecological receptors is soils would radionuclides. are renved. been identified.receptors. remnoved. be excavated, HigherCaps will be some possibility ofdesigned to chemicals impacting
reduce and biological
infiltration and radionuclides and/or cultural
protect are left in resources duegroundwater place. Caps to the largeover the will be excavation
li&tina of the designed to area.
cap reduce

infiltration.
216-S-5 Crib Potective Conplies with This Contaninants Shori4enn Implenentable; $4,738Excavation ARARs alternative are uoxved to risks to however,would rernove because the would be a less mobile workers; available capacity15 ft of soil barrier is partially environment. ecological at the ERDF nmycontaminants in place and effective. Reduction risks not be an issue.to eliminate direct contact Although the through expected Source of finedirect contact with hunan mest highly natural because gain cappingwith hunan and ecological contarninated attenuation of contaminant nmaterials has notand ecological receptors is soils would radionuclides. are rarmved. been identified

receptors. removed. be excavated, HigherCaps will be sou" possibility ofdesigned to chemicals briptingreduce and biological
infiltration and radionuclides and/or cultural
protect am left in resources duegroundwater place. Caps to the largeover the will be excavation
lifetime of the designed to area.
cap reduce

infiltration.

6-95
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Table 6-4. Detailed Analysis Summary for Alternative 5 - Partial Removal, Treatment, and
Disposal with Capping. (11 Pages)

Waste site

216-S-6 Crib

Group consisting
of 216-A-6,
UPR-200-E-19,
UPR-200-E-21,
and
UPR-200-E-29

Threshold Criteria

Protecds of
Human

Health and
the

Environment

Protective
Excavation
would remove
15 ft of
contannants
to eliminate
direct contact
with human
and ecological
receptors.
Caps will be
designed to
reduce
infiltration and
protect
groundwater
over the
lifetime of the
cap.

Protective
Excavation
would remove
15 ft of
contaminants
to eliminate
direct contact
with hunman
and ecological
receptors.
Caps will be
designed to
reduce
infiltration and
protect
groundwater
over the
lifetime of the
cap

Compia
with ARABS

Complies with
ARARs
because the
soil barrier is
in place and
direct contact
with human
and ecological
receptors is
removed.

Cornplies with
ARARs
because the
soil barrier is
in place and
direct contact
with human
and ecological
receptors is
removed.

LaMg-Term
Effeetvemas

and
Permanence

4 .I
This
alternative
would be
partially
effiective.
Although the
most highly
contaminated
soils would
be excavated,
soUND
chemicals
and
radionuclides
are left in
place. Caps
will be
designed to
reduce
infiltration.

This
alternative
would be
partially
effective.
Although the
most highly
contaninated
soils would
be excavated,
some
chemicals
'and
radionuclides
are left in
place. Caps
will be
designed to
reduce
infiltration.

lteductim of
Toxieity,

MobilIty, or
VON-W

Through
Tratmat

Contaminants
are moved to
a less nobile
envnirsment.
Reduction
through
natural
attenuation of
radionuclides.

Balaneing Crit
Short-TrM
Effectivenew

Short-term
risks to
workers;
ecological
risks not
expected
because
contaminants
are removed.
Higher
possibility of

-mpacting
biological
and/or cultural
resources due
to the large
excavation
area.

hnplenentable;
however,
available capacity
at the ERDF nay
be an issue.
Source of fine
grain capping
materials has not
been identified

j I II
Contaminants
are moved to
a less nobile
envuonnent.
Reduction
through
natal
attenuation of
radionuclides.

Short-tern
risks to
workers;
ecological
risks not
expected
because
contaminants
are nmnoved.
Higher
possibility of
inpacting
biological
and/or cultural
resources due
to the large
excavation
a.

Ixplenentable;
however,
available capacity
at the ERDF may
be an issue.
Source of fine
grain capping
materials has not
been identified.
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tric

Implementablifty Cost In
Thousands

$4,738

1,241

I
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Table 6-4. Detailed Analysis Summary for Alternative 5 - Partial Removal, Treatment, and
Disposal with Capping. (II Pages)

ste Site Threshold Criteria Balanimeg Criteria
OeDa Compliance Lmg-Tnr Reduetion of Short-Tam ImplemMbtbily Coat inProteedou of with ARARs Effeetlwm Toclity, Effhtlwnes ThOuaudsHuman and Mloblity, or

Health and Poaneece Volume

216-A-30 Crib

216-5-25 Crib

Complies with
ARARs
because the
soil barrier is
in place and
direct contact
with human
and ecological
receptors is
removed.

Complies with
ARARs
because the
soil barrier is
in place and
direct contact
with human
and ecological
receptors is
removed.

the
Enviremmmnt

Protective
Excavation
would remove
15 ft of
contaminants
to eliminate
direct contact
with human
and ecological
receptors.
Caps will be
designed to
reduce
infiltration and
protect
groundwater
over the
lifetime of the
cap.

Protective
Excavation
would remove
15 ft of
contarninants
to eliminate
direct ontact
with human
and ecological
receptors.
Caps will be
designed to
reduce
infiltration and
protect
groundwater
over the
lifetime of the
cap.

Thraegh
Trestnt

Contaminants
are oved to
a less mobile
envimument.
Reduction
through
natural
attenuation of
radionuclides.

Contaminants
are moved to
a less mobile
enviroinent.
Reduction
through
natural
attenuation of
radionuclides.

This
alternative
would be
partially
effective.
Although the
most highly
contaminated
soils would
be excavated,
som11
chemicals
and
radionuclides
are left in
place. Caps
will be
designed to
reduce
infiltration.

iTmis
alternative
would be
partially
effective.
Although the
most highly
contaninated
soils would
be excavated,
some
chemicals
and
radionuclides
are left in
place. Caps
will be
designed to
reduce
infiltration.

Implementable;
however,
available capacity
at the ERDF may
be an issue.
Source of fine
grain capping
materials has not
been identified

lnplenuntable;,
however,
available capacity
at the ERDF may
be an issue.
Source of fine
grain capping
materials has not
been identified.

6-97

W

Short-tenn
risks to
workers;
ecological
risks not
expected
because
contaminants
are removed.
Higher
possibility of
impacting
biological
and/or cultal
resources due
to the large
excavation
ara.

Short-term
risks to
workers;
ecological
risks not
expected
because
contaminants
are removed.
Higher
possibility of
Impacting
biological
and/or cultural
resources due
o the large
excavation
area.

$2,234

$34,096
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Table 6-4. Detailed Analysis Summary for Alternative 5 - Partial Removal, Treatment, and
Disposal with Capping. (11 Pages)

WateSi ireshold Criteria Beianluig Criteria
Overa Ca n L Term Reduction of Short-Tn Im aas"W jty Cost inProkedo of with A ARs Effectlvoft Effectiveness ThousandsHuman and Moblty, orRealth and Permanence Vome

the
EnvIronment Treatment

216-A-37-2 Crib Protective Complies with This Contaminants Short-term lnplemnntable; $2,234Excavation ARARs alternative are moved to risks to however,would remove because the would be a less mobile workers; available capacity15 ft of soil barrier is partially environment. ecological at the ERDF aycontaminants in place and effective. Reduction risks not be an issue.to eliminate direct contact Although the through expected Source of finedirect contact with human most highly natural because gram capping
with human and ecological contaminated attenuation of contaninants mterials has notand ecological receptors is soils would radionuclides. are removed. been identified
receptors.
Caps will be
designed to
reduce
infiltration and
protect
groundwater
over the
liftine of the
cap.

Potective
Excavation
would remove
15 ft of
contaminants
to eliminate
direct contact
with human
and ecological
receptors.
Caps will be
designed to
reduce
infiltration and
protect
groundwater
over the
lifetime of the
cap.

removed.

Complies with
ARARs
because the
soil barrier is
in place and
direct contact
with human
and ecological
receptors is
removed.

216-8-172 JN/A JN/A
Control Structure Contamination

anticipated to
be shallow at
this site.

be excavated,
some
chemicals
and
radionuclides
are left in
place. Caps
will be
designed to
reduce
infiltration.

This
alternative
would be
partially
effective.
Although the
rost highly
contaminated
soils would
be excavated,
son
chemicals
and
radionuclides
are left in
place. Caps
will be
designed to
reduce
infiltration.

N/A

2904-S-160 N/A N/A N/A N/A
Control Structure Contamination

anticipated to
be shallow at
this site.

Contaminants
are mved to
a less mobile
environment.
Reduction
through
natural
attenuation of
radionuclides.

H'igher
possibility of
i ng
biological
and/or cultura
resources due
to the large
excavation

area.

Short-term
risks to
workers;
ecological
risks not
expacted
because
contaminants
are removed.
Higher
possibility of
Impacting
biological
and/or cultural
resources due
to the large
excavation
ame.

Implemuntable.
however,
available capacity
at the ERDF may
be an issue
Source of fine

gin capping
materials has notbeen identified.

$1,325

N/A N/A N/A N/A

jN/A N/A N/A

6-98
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Table 6-4. Detailed Analysis Summary for Alternative 5 - Partial Removal, Treatment, and
Disposal with Capping. (11 Pages)

waste site

2904-S-170
Control Stmcture

2904-S-171
Control Structure

207-S Retention
Basin

216-B-64
Retention Basin

200-E-1 13
Process Sewer

216-U-14 Ditch

Threshold Criteria

ProtectIon of
Human

Heaflh and
the

Eovirammag

N/A
Contamination
anticipated to
be shallow at
this site.
N/A
Contamination
anticipated to
be shallow at
this site.

N/A
Contamination
anticipated to
be shallow at
this site.

N/A
Contamination
anticipated to
be shallow at
this site.

N/A
Contamination
anticipated to
be shallow at
this site.

The 216-U-14
Ditch and its
analogous
sites are not
applicable
under
Alternative 5
because
contamimauts
are in the top
15 ft.

with ARARB

N/A

N/A

N/A

N/A

Lang-Term Reduelo of
Efeetwuess Toxicity,

sad Mobilty, or
Peramnee Volume

Thnrefh
Treatment

N/A

N/A

N/A

N/A

Balaning rba
Short-Trn
Effeetvenem

Implemeutab ay

N/A N/A N/A

N/A IN/A N/A N/A

N/A N/A

I.I. . I __ _ _ _ _ _ _

N/A

N/A N/A

N/A

N/A

N/A

I I __ __ I _ _ _ _ _

Representative Site

N/A N/A

N/A

N/A

N/A IN/A

N/A IN/A

N/A

N/A IN/A

PN/A

N/A

6-99
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Table 6-4. Detailed Analysis Summary for Alternative 5 - Partial Removal, Treatment, and
Disposal with Capping. (11 Pages)

Wade Sit Threshol Criteria swami" Cite
Ovral Cap Ia. Lag-ToM Rhdmeat. of sart-Talo Implemctabhy Cost InPrheiuda. of with AARs Effhnvmms Toxicity, Effauvema. Thousands
Human and Measly, or
ealh and Pmeusame volume

the wreugh
E*vruet .-e....e

Waste Sites Analogous to 216- U-14 Ditch

216-S-16DDitch N//A N/A N/A N/A N/A N/A N/A

216-T-1 Ditch N//A N/A N/A N/A N/A N/A N/A

Grmp coosiding NN/A /A N/A N/A N/A N/A N/A
of216-T-4-ID
and 216-T-4-2
Ditches

21 6-W-LWC N/A N/A N/A N/A N/A N/A N/ACrib

G"OW wusiag N/A N/A N/A N/A N/A N/A N/Aof 207-U
Retention Basin,
UPR-W-1 II and
200-W-1 12
Uroinned
Releases

207-T Reaietion N/A N/A N/A N/A N/A N/A N/A
Basin
216-T-12 Trench N/A N/A N/A N/A N/A N/A N/A
200-W-84 N/A N/A N/A N/A N/A N/A N/A
Piecess Sewer

N/A N/A N/A N/A N/A N/A N/A

200-W-102 N/A N/A N/A N/A N/A N/A N/A
Process Sewer

Representative
Sites 216-Z-1 I
Ditd

Part of Group
ABAR2WIO

Asisting of
216-Z-ID,

ne216-Z-11
Ditch and its
analogous
sites are not
applicable
undler
Alternative 5

N/A

Repmentative Site

N/A IN/A N/A IN/A IN/A

216-Z-19, because when
216-Z-20, and coetaninants

UPR-200-W-110 M 'cln"OVd to
and 216-Z-20 15 , a cap is

not necessary.

Waste Sites Analogous to 216-Z-11 Ditch
207-Z Retention N/A N/A N/A N/A N/A N/A N/A
Basin

6-100
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Table 6-4. Detailed Analysis Summary for Alternative 5 - Partial Removal, Treatment, and
Disposal with Capping. (11 Pages)

Waote Site Threshold Criteria obachii g Criteria
Overall Compliance Long-Ter Roduetion of Short-Termo Imphmaentablity Coot in

Prteetion of with AlRARs Effectliwnes Toxicity, EffectIvenes Thousands
Human and Moblity, or

Health and Poaneu e Volume
the Through

Envfroument Treatment

Representative Site

216-A-25 Gable The 216-A-25 N/A N/A N/A N/A N/A N/AMountain Pond Pond and its
analogous
sites are not
applicable
under
Alternative 5
because, when
contaminants
are removed to
15 t, acap is
not necessary.

Waste Sites Analogous to 216-A-25 Gable Mountain Pond
207-A North N/A N/A N/A N/A N/A N/A
Retention PondI _ _____

Repreentative Site
216-T-26 Crib Partially Complies with This Contaminants Short-term Inplenentable; N/A (covered

protective. ARARs by alternative are moved to industrial and however, source in a separate
Excavation breaking would be a less mobile radiological of fine grain FS)
would remove exposure partially environmnt. risks to capping materials
contaminants pathways and effective. Reduction workers has not been
to 30 ft to emplacing Direct through (0.6 rem); identified.
eliminate caps that met contact with natural ecological
direct contact intent of human and attenuation of risks not
with humrn groundwater ecological radionuclides. expected
and ecological protection receptors is because
receptors. regulations. removed, contaminants
Caps will be Institutional Caps will be are removed.
designed to controls such designed to Possibility of
reduce as additional reduce impacting
infiltration and land-use infiltration, biological
protect restrictions and/or cultural
groundwater and resources due
over the groundwater to the size of
lifetime of the monitoring are excavation
cap. elements of area.

this
alternative.
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Table 6-4. Detailed Analysis Summary for Alternative 5 - Partial Removal, Treatment, and
Disposal with Capping. (11 Pages)

Tfrelmeld Crheria

with ARARs

I1 i I __________

1a-Trm I RedME. of

and
Paean

Toxicity,
tl6E4y, or

Vehime
Threngo

Treanmmn

Shsrt-Terin
Ifrnfiwu.

Waste Sites Analogous to 216-T-26 Crib

protective.
Excavation
would remnvnw
vontAninants
to 30 ft to
elninate
direct ontact
with hurrun
and ecological
receplors.
Caps will be
designed to
reduce
infiltration and
protect
groundwater
over the
lifetine of the
cap.

N/A

Complies with
ARARs
because of
instituional
controls and
the anl barrier
is in place.

N/A

This
alternative
would be
effective.
Direct
contact with
hunan and
ecological

receptors is
removed.
Caps will be
designed to
reduce
infiltration.

N/A

Contannnants
are oved to
a less mobile
envuinmnt.
Reduction
through
natural
attenuation of
radionuclides

N/A

= applicable or relevant and appropriate requirement.
= Enviranmental Restoration Disposal Facility.

= not applicable.
= prelininary remediation goal.

Short..term
industrial and
radiological
risks to
woker;
ecological
risks not
expected
because
contaninamts
are renved.
Possibility of
Inpactig
biological
and/or cultural
resources due
to the size of
excavation
area-

N/A

Ihplenentable;
however, source
of fine grain
capping materials
has not been
identified.

N/A
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Waste Ike

Overa
Proection of

Hum-n
He@th od

the
Efira11e1t

Iaplkmeutshty COtd in
The..mm

$3,455

N/A
200-W-79
pipeline

ARAR
ERDF
N/A
PRG

Baawi Crerim

216-T-36 Crib
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Table 6-5. Detailed Analysis Summary for Alternative 6 - In Situ Vitrification.
Wasle Site Thrheid Cuiteds Belaeing Criteria

Overall Compiane Lagm Tem Reducuiso of Sot-Term Implmeuabity Cost In
Protetless of with ARAs Effeedvnss Tdeity, Effeedvenss Thousands

Hman and MOMb1ty, r
Health d P sermsence Vome

the Through
_ Enromment Treatment

Representative Site

Representative Sites Protective. Complies This This Limited ISV is an $93,567
216-Z-ll Ditch ISV would withARARs alternative alternative shOrt-term innovative
Part of Group mitigate because the would be employs risks to technology;
consisting of groundwater waste is effective. The treatment workers; no consequently, its
216-Z-ID, riskbecause inmrobilized. most highly wherethe ecological implenentability
216-Z-19, ditches the treated soil contaminated waste is risks has not been
216-Z-20, cib and would be in a soils would be convened to a expected. widely
UPR-200-W-110 non-leachable imnobilized. form that is demonstrated.

waste form. A soil cover highly
The extent to would be resistant to

NOTE: ISV is only which ISV placed over erosion.
applicable for the will mitigate the vitrified
waste sites listed direct waste to
above and is radiation prevent
included because of doses at the intrusion.
the high TRU site is tSV is an
concentration uncertain. It innovative
present, and my be technology,
216-Z-20. necessary to consequently,

cap the site its
following ISV effectiveness
to decrease has not been
exposure to widely
Cs-137. demonstrated.
Long-term
controls may
be necessary
to prevent
intrusion.

ARAR = applicable or relevant and appropriate requirement.
ISV in situ vitrification.
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